Attorney's Docket No.: Enz-53 



APPLICATION 



POR 



UNITED STATES LETTERS PATENT 



To all Whom It may concem: 



Be it known that 



Elazar Rabbani, 
Jannis G. Stavrianopoulos. 
James J. Donegan, 
Dakai Liu, 

Nomnan E. Kelker, and 
Dean L. Engelhardt 

have invented certain new and useful improvements in 

NOVEL PROPERTY EFFECTING AND/OR PROPERTY EXHIBITING 
COMPOSITIONS FOR THERAPEUTIC AND DIAGNOSTIC USES 

of which the following is a full, clear and exact description. 



EXPRFSS MAIL CERTIFICATF 



Vkpomt D»lr DECEMBER 15. 1995 



I hereh> cenlfy thst thtt piper and the »(t»ctifiieflli 

herein arr hemg deposilf J with (he Unitetl StUcs 
Postal Service "ExpreM Mall Pout Office lo 



Aiiilreswe- wrvic* under 37 CFR 1.10 on the date 




indtciiled shove arftl is adJreued to the CommtuiOiMr 



Of 



Reg Nr ^2^f^^ 



- 1 - 



Attorney's Docket Enz.53 



NOVEL PROPERTY EFFECTING AND/OR PROPERTY EXHIBITING 
COMPOSITIONS FOR THERAPEUTIC AND DIAGNOSTIC USES 



F IF ! n OF THF IMVEIMTION 

This invention relates to compositions including nucleic acid constructs 
conjugates, and vectors which are capable of effecting and exhibiting 
biological function within a cell or cell containing biological system. 



All patents, patent publications, scientific articles cited or identified in this 
application are hereby incorporated by reference in their entirety in order to 
describe more fully the state of the art to which the present invention 
pertains. 



p A rKfiRQUN " 9F T"P IMVEIMTION 

An alternative to viral mediated gene delivery is direct delivery of nucleic 
acid. This approach has several limitations including low efficiency of 
transfer, low stability and lack of cell specificity. In order to overcome some 
of these limitations other approaches have been made. These include non- 
specific ionic complexes with polycations such as polylyslne (Wu and Wu, 
US Patent No. 5,166,320. contents of which are incorporated herein by 
reference) and histone. These bind non-specifically with the nucleic acid 
construct through polycations or basic proteins, such as histones. However, 
the resulting complexes still suffer some limitations including lack of 



uniformity of the complexes, lack of specificity with respect to polycation 
binding to specific regions of the nucleic acid construct, potential 
interference of complexes with nucleic acid and possible untimely 
dissassociation of the complex or lack of timely disassociation of the 
complex leading to a lack of stability of these nucleic acid polycation or 
nucleic polypeptide complexes. 



Nucleic acid transfer to cells can take place by various methods. 

Such methods can utilize free nucleic acid, nucleic acid constructs or nucleic 

acid as part of the genome of a virus or bacteriophage vector. 



Wu et al., US Patent No. 5,166,320, utilized a polynucleotide in a 
nonspecific association with the polycation polylysine. These complexes 
suffer limitations including lack of consistency of composition, lack of 
specificity with respect to polycation binding to specific regions of the 
nucleic acid construct, potential interference of complexes with nucleic acid 
and possible untimely dissassociation of the complex or lack of timely 
disassociation of the complex leading to a lack of stability of these nucleic 
acid or histone polycation or nucleic polypeptide complexes. This procedure 
does not provide for delivery of virus vectors. Furthermore, cell 
transformation efficiencies are still low. 
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Methods for retrovirus mediated gene transfer to hematopoietic cells ex vivo 
has been attempted in the presence of fibronectin or fibronectin fragmei-ts. 
Fibronectin binds to retroviruses but not to any other viruses, nucleic acids or 
nucleic acid constructs. Williams and Patel, WO 95/26200 (the contents of 
which are incorporated herein by reference), have transformed hematopoietic 
cells with retroviruses in the presence of fibronectin. The use of fibronectin 
in this way is limited only to use with some retrovirus vectors and not with 
other virus vectors or with nucleic acids. 



It is desirable to form multimeric complexes for two primary reasons. The 
formation of such complexes results in an additive effect such that one can 
obtain collective activity of the monomeric units within a complex or these 
complexes could provide enhanced binding properties compared to the 
individual compounds or monomeric units, either through cooperative binding 
effects or through neighboring effects which produce higher localized 
concentrations. Polyligands usually exhibit higher binding affinities in the 
polymeric form than in the monomeric form as seen by the binding of 
polynucleotide sequences to their complementary sequences when compared 
to the binding of the monomeric units. 



Multimeric complexes have been formed either by crosslinking of monomeric 
compounds directly or through a matrix or through the formation of 



noncov 



alent linkages. Examples of multimeric complexes formed by the 
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crosslinking of a given compound such as enzymes, either directly or through 
a matrix are described in US Patent No. 4,687,732 (contents of which are 
incorporated herein by reference), whereby a visualization polymer 
composed of multiple units of a visualization monomer is linked together 
covalently by coupling agents which bond to chemical groups of the 
monomer. Examples of multimeric complexes made through the formation of 
noncovalent linkages such as ligand-receptor systems are the PAP 
(peroxidase-anti-peroxidase) complexes and APAAP (alkaline phosphatase- 
anti-alkaline phosphatase) complexes in common use as immunological 
reagents and the streptavidin-biotinylated enzyme complexes used for 
detection of biotinylated entities. 



In the case of complexes formed by crosslinking or noncovalent binding, 
there are limitations with respect to the spacing and the chemical milieu of 
the monomeric unit within the complex which may affect the function and 
activity of the monomeric unit and as the size of the complex grows, 
solubility may be affected. 



Efforts to regulate expression of procaryotic genes by eucaryotic processes 
have been attempted by Schwartz et al. (1993 Gene 127: 233) (also 
incorporated herein by reference) who introduced an intron sequence from a 
eucaryotic gene into a procaryotic gene. However, when introduced into a 
cell capable of mRNA processing, the gene expressed an altered protein in 
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which additional amino acids were present due to the presence of flanking 



exo 



n sequences associated with the inserted intron. This limitation is 



inherent in this approach since this method of intron isolation requires the a 
priori presence of inherent restriction sites in the exon regions flanking the 



intron, and intron insertion requires the presence of appropriate restriction 
sites in the gene receiving the intron. Therefore, even after the excision of 
the intron from the RNA, the flanking exon sequences remain as part of the 
coding sequence of the mature RNA molecules. Furthermore, the number of 



sites 



for intron insertion on the receiving gene is severely limited by the 



availability of appropriate restriction sites 



The alteration of the gene product by this approach may have unpredictable 
effects on the function of the gene product and severely limits the 
applicability of this method to specific instances. In the example of 
Schwartz et al. the additonal amino acids had no apparent effect on the 
activity of the protein synthesized in the capable cell, but this is not always a 
predictable quality since it depends upon the site where the additional amino 
acids are incorporated. For instance, a short sequence coding for a small 
peptide introduced into the amino end of T7 RNA polymerase by Dunn et al. 
(1988 Gene M: 259) (also incorporated herein by reference) had no 
apparent effect on enzyme activity. However introduction of the same 
sequence into a site near the carboxy terminus resulted in nearly complete 
loss of enzyme activity. Thus, the incorporation of extra amino acids as a 
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result of introducing an exon into a coding sequence by the method of 
Schwartz et al. could have a drastic mutagenic effect. 



Systems derived from procaryotic elements can produce functional products 
in mammalian cells. T7 RNA polymerase, an enzyme derived from an £ coli 
bacteriophage, has been expressed both transiently and stably in mammalian 
systems (Fuerst et al., 1986 Proc. Nat. Acad. Sci. U.S.A. £2: 8122, the 
contents of which are herein incorporated by reference). When synthesized 
in a mammalian environment, it is capable of acting upon genes under the 
control of a T7 promoter to produce transcripts that can be translated to 
provide a functional gene product. Large amounts of RNA can be transcribed 
from the T7 promoter (comprising up to 30,000 RNA molecules per cell, 
Lieber et al. 1 993, also incorporated by reference). 



In eucaryotic systems success has only been achieved by the use of a binary 
system with the polymerase on one construct and the T7 promoter on a 
separate construct. In this way either sequential transfections (Lieber et al. 
1989 Nucleic Acids Res 17, 8485) (also incorporated by reference) or co- 
transfections with separate plasmids (Lieber et al. 1993 Methods Enzym. 
217, 47) (incorporated by reference) or transfection with a plasmid 
containing a T7 promoter followed by infection with a recombinant vaccinia 
coding for 17 RNA polymerase (Fuerst et al. 1986 Proc. Nat. Acad. 



virus 



Sci. U.S.A. 83, 8122) must be done. Since T7 RNA polymerase can be 
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cloned only free of a T7 promoter sequence (Davenloo et al. 1984 Proc. Nat. 
Acad. Sci. U.S.A. Ql- 2035) (incorporated herein by reference), it appears 
that attempts to clone both elements in a single construct fail due to an 
event where synthesis of the T7 RNA polymerase-initiated transcription from 
the downstream promoter continues around the plasmid to direct more 
synthesis of T7 RNA polymerase leading to a cytocidal autocatalytic 
cascade. A similar strategy of elimination of cognate promoters has been 
described for the cloning of the bacterophage T3 (Morris et al. 1986 Gene 
41: 193) and SP6 (Kotani et al. 1987 Nucl. Acids Res. 15: 2653) (both 
publications incorporated herein by reference) RNA polymerases. However, 
compatibility of these elements has been achieved by the addition of two 
modifications to the construct, i.e., inhibition of the T7 RNA polymerase by 
the presence of T7 lysozyme and the use of a repressible T7 lac promoter 
(Dubendorff and Studier 1991 J. Mol. Biol. 219: 61, 1 991 , incorporated 
herein by reference). Both of these limitations are required in order to obtain 
a construct. 



The introduction of genetic material into cells can be done by two methods. 
One method is the exogenous application of nucleic acids which act directly 
on cellular processes but which themselves are unable to replicate or produce 
any nucleic acid. The intracellular concentrations of these molecules that 
must be achieved in order to affect cellular processes is dependent on the 



exoge 



nous supply. Another method for nucleic acid delivery is the 
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introduction into cells of Primary Nucleic Acid Constructs which themselves 
do not act on cellular processes but which produce single stranded nucleic 
acid in the ceil which acts on cellular processes. In this case the introduced 
Primary Nucleic Acid Construct can integrate into cellular nucleic acid or it 
can exist in an extrachromosomal state, and it can propagate copies of itself 
in either the integrated or the extrachromosomal state. The nucleic acid 
consstruct can produce, from promoter sequences in the Primary Nucleic 
Acid Construct, single stranded nucleic acids which affect cellular processes 
of gene expression and gene replication. Such nucleic acids include 
antisense nucleic acids, sense nucleic acids and transcripts that can be 
translated into protein. The intracellular concentrantions of such nucleic 
acids are limited to promoter-dependent synthesis. 



The effectiveness of single stranded nucleic acids produced from pnmary 
nucleic acid constructs is dependent on their concentration, the stability and 
the duration of production in the cell. Current methods for achieving 
intracellular concentrations are limited by a dependence on promoter directed 

synthesis. 



The effectiveness of antisense therapy depends depends in large part on 
three major factors: a) the rate of transcription of antisense RNA, b) the 
cellular location of the RNA and c) the stability of the RNA molecules. While 
previous studies have addressed each of these factors, aH three have not 
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been addressed in a single approach. The present invention utilizes AS 
sequences substituted for nucleotide sequences in the U1 and other hnRNAs 
to achieve high nuclear concentrations of stable antisense RNA sequences. 



U1, U2 and other snRNAs are nuclear-localized RNA molecules complexed 
with protein molecules. (Dahlberg and Lund 1988 in Structure and Function 
of Major and Minor Small Nuclear Ribonucleoprotein Particles, M. Bimstiel, 
Ed., Springer Verlag, Heidelberg, p38: , Zieve and Sautereau 1990 
Biochemistry and Molecular Biology 25; 1, all of which are incorporated herein 

by reference). 



The various promoters for Ul , U2 and other snRNA operons are vary stror,g 
and produce large amounts of RNA. Ul and other snRNAs have signals for 
export to the cytoplasm v,^here specific proteins are complexed before 
reimportation to r^e^^^a^ snRNPs (Figure 4, ). snRNAs are very 
stable molecules. They form very highly ordered stem and loop structures 
(Figure 431 which, when complexed with specific proteins, form snRNP, or 
splicesomes. 

Antisense and other nucleic acid molecules which affect gene expression by 
acting on and altering RNA transcripts can derive certain advantages by 
confinement to the nucleus. Higher concentrations can be maintained in the 
smaller volume of the nucleus, interactions with target RNA can occur prior 
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,0 *eir being used ,or expression and there would be no competition with 



messenger binding ribosomes. 



Addition 0, antisense se.uenoe to U2 RNA (.zant and Sardelii 1938 in 
current Communications in Molecular Biology, Cold Spring Harbor, p141, 
incorporated herein by reference, as a means of deiivering antisense 
sequences altered the properties of normal U2 transcripts. Hybrid U2 
™leou,es formed by insertion of antisense sequences into a restriction s„e ,n 
the 5- end of the U2 transcript region showed decreasing antisense 
effeciyeness with increasing insert size. Inserts longer than 260 bases 
..bstantlally reduced antisense effectiveness, furthermore, hybrids did not 
accumulate in the nucleus as efficiently as their wild type counterparts w,th 
.he fraction of hybrids in the nucieus decreasing as insert length increased. 

Vu and Weiner ,1988 in Current Communications in Molecular Biology, Cold 
spring Harbor, pUI , contents Incorporated by reference, substituted 9 base 
antisense sequences directed at target seguences surrounding splice sites in 
.BNA. The antisense substitutions were made at the S^end of U1 RNA. 
.one o, the antisense substitutions affected the leyel of targeted species of 
mature cytoplasmic RNA. 
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constructs have been des.gned to Increase antisense ef.eciveness by .he 
.Cusion 0. mere than one targeting element in a single transcriptional un.t. 
„„,..a,ent constructs prepared in this way can produce numerous target 

,392 in Antisense Strategies, Annals o, the New Yor. Academy c, Sciences 
660-27V Zhow et al. Gene 1994 149.33, both publications incorporated 
herein by reference,. Different approaches to inhibition can be incorporated 
,.0 a muitiyalent transcript as shown by Lis.iewic. et ai. ,1993 Proc Natl 
Acad Sci USA 90, 8000, aiso incorporated by reference, who comb.ned 
™l,ip,e copies Of the HIV TAR with an antisense sequence to HIV gag on 
the same transcript. 



The use of multivalent targeting by the inclusion of more than one target.ng 
element on the same transcript provides a a method for counteracting the the 

of multiple target sequences. However, the common 



simultaneous mutation 

of accomplishing these designs is the inclusion o, the product entities 

roach suffers from the following limitations; 



means 

on a single transcript. This app 



3) The total number of RNA molecules available as effective entities is 
limited by the strength of the single promoter; 
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b) During stable transformation of a ceil, the integration event can disrupt 
the nucleic acid template sequence responsible for expression of the 



antisense sequence; 



c) The use of multivalent transcripts is not favorable when one product 
entity present on the transcript acts on targets present in one cellular locale 
and another product entity present on the same multivalent transcript acts on 
targets present in a different cellular locale. This was the approach reported 
by Lisziewicz et al. (1993) where multiple TAR sequences, which act to bind 
the HIV tat protein in the cytoplasm, were present on the same transcript 
Isense sequences for the HIV gag RNA, which are most effective in 



with anti 



the nucleus. 



Although there have been major efforts to find effective antiviral treatments, 
at the present time the only success has been in a dimunition of virus growth 
rather than elimination of the virus. Among the efforts that have been 
pursued are attempts to prevent initiation of the virus replication cycle by 
preventing the virus from entering the cell by immunization or by treatment 
with antibodies or with proteins that interfere with virus recognition of a cell 
by interacting with the virus or the virus receptor site on the cell. These 
include unsuccessful treatment with high levels of soluble CD4 (Husson et 
al., 1992, incorporated by reference). In addition, efforts have been made to 
combat HIV infection after virus entry into a cell using protease inhibitors for 
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preventing processing of viral polypeptides into functional proteins and varied 
nucleoside analogues which can block replication of the virus by inhibiting 
the activity of the viraily encoded reverse transcriptase and other functions 
necessary for virus propagation. Stages of the processes of viral infection 
and viral replication cycle have been examined for the possibility of 
pharmacological or immunological intervention of the disease process. 
However, as independent and effective therapeutic agents, both 
immunological and small molecule inhibitors have failed to stem the 
progression of AIDS, and major problems remain in terms of effectiveness 
and the rise of viruses resistant to small molecule therapeutic agents. Even 
the application of combinations of immunological and small molecule agents 
has not been successful. 



The introduction of genetic information into cells either to replace a function 
or to introduce a new function has provided an effective means for the 
treatment of viral infection. Genetic therapy approaches have been used to 
impart cell resistance to viruses by mechanisms which act intracellularly on 
the viral replication process (see Yu et al.. Gene Therapy 1 , 1 3-1 6 [1 994, 
incorporated by reference). A result of these studies is that, in vitro, the 
effectiveness of genetic therapies is sensivitive to virus concentration. 
Experiments in vitro that showed substantial levels of resistance at low ratios 
of virus to cells, at higher ratios showed a "breakthrough" phenomenon 
characterized by a period of seeming effectiveness followed by a surge in the 
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virus production (Sczakiel et al. 1992 J. Virol 66;5576 :Scakiel and Pawiita 
1990 J. Virol. 65;468, all of which are incorporated by reference). Thus in 
vitro, at lower virusxell ratios some genetically treated cells demonstrate 
longer survival times that at higher virusxell ratios. 



IS IS 



Compartmentalization of function is critical to regulated processes ,n 
eucaryotic cells. For example, the major part of cellular DNA is organized 
into chromosomes located in the nucleus where transcription of genetic 
information takes place. The major part of RNA synthesized in the nucleu: 
transported to the cytoplasm where it is translated. Other subcellular 
compartments for localized function include the Golgi apparatus, endoplasmic 
reticulum, nucleolus, mitochondria, chloroplast and the cellular membrane. 
Thus, a variety of mechanisms exist either to retain macromolecules in 
specific cellular compartments or to transport macromolecules from one 
cellular compartment to another. For example, in the directed exit of mature 
mRNA out of the nucleus into the cytoplasm, the presence of a 5' cap, 
removal of introns and addition of a poly A sequence are all believed to 
contribute to the signal that directs the relocation (reference). 



Some RNAs, such as small nuclear RNAs (snRNAs) involved in splicesome 
assembly, are relocated by sequential transportation (Dahlberg and Lund, 
1988, in Structure and Function of Major and Minor Small Ribonuclear 
Particles, M. Bimstiel, ed., Springer Verlag, Heidelberg, pg. 38, incorporated 
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by reference ). After transcription in the nucleus, the presence of the 5' cap 
and the processed 3' terminus generate a bipartite signal for transport of Ul 
RNA into the cytoplasm. At this point there is further processing of the RNA 
by excision of a few nucleotides and hypermethylation of the 5' cap. The 
binding of splicesome proteins present in the cytoplasm to the Sm region of 
the Ul RNA in combination with the hypermethylation is believed to generate 
a signal for the reimportation of the RNA back into the nucleus. 

In contrast to most mRNA, most proteins do not need to be transported from 
their site of synthesis in the cytoplasm. However, some proteins that 
function in transcription, replication or other nuclear maintenance functions 
need to be present in the nucleus to function properly. In this case a 
polypeptide signal sequence present in the protein directs the transport of the 
protein from the cytoplasm into the nucleus. Still other proteins are not 
functional in the cytoplasm or in the nucleus but are required to be present in 
the membrane of the cell thereby requiring the presence of leader and 
lipophilic sequences. 

The directing of target molecules as an approach to genetic therapy has been 
studied by attempts at localization for the express purpose of putting an 
active agent such as antisense RNA in proximity to the target in a particular 
cellular locale For example, some workers have designed nucleic acid 
constructs to express anti-sense RNA that would be retained in the nucleus 
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in order to block newly transcribed target RNA fronri functioning (Izant and 
Sardelli, 1988, Current Connmunications in Molecular Biology, D. Melton, ed.. 
Cold Spring Harbor Laboratory ; Cotten and Birnstiel, 1989, EMBO Journal fi, 
3861, incorporated by reference). The opposite effect has also been 
achieved by designing the transcript to include a signal for enhancing 
transport into the cytoplasm in order to block the translation of RNA that 
may be present there (Liszeiwicz et al. 1993, incorporated by reference). 
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3, WHC. ,e..n .e. —a, ,UPC.on w.K.n 

.o,o.ca, con..o. su. ce„s .on c.e..a, ...ca.. 

are retained. 

■J octrnrts caoable of biological 
The present invention relates to nuCeic acd constructs cap 

,.„ct,on and processing witH.n a ce„. These constructs .av conta.n 
„v .Oditie. —a, or svnt.etic compounds. These constructs 
,„ .Heir hio,o.oa, function Within a ceOut.ava,so he a.e to a.h.,t 

properties hv virtue o, the che.ica, .0— n. The constructs 
,„.hine che.ica, .o.-ications an. hioic.ica, .unctions inte.ate. w,tH,n 



retail 



construct. 



The invention reiates to novei constructs that have either incorporate, uni.ue 
,„,„^,,,..ents or have inccrporateachen,ica, entities that introduce ne« 

properties to the construct, or both. 



.native, crnove, products ,arti,ic,a„. .ove, capahii.ties are 
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provided by but are not 1 
heterologous processing 



imited to the introduction of such elements as 
elements that allow the construct to function in 



compatable cells, signaling elements 
independent production cassettes. 



for localization within the cell and multi 



biological function. Such added 



Chemical modifications provide added characteristics to the constructs 

without interferring substantially with its 

characteristics can be, but are not limited to nuclease resistance, the 
capability of targeting specific cells or specific receptors on cells, the 
capability of localization to specific sites within a cell, or the ability to 
enhance the interaction between the construct ,or yirus or yector, and the 

interaction when desired. 



The invention combines biCogical elements and chemical modification either 

create a construct that defines its function, its location within a cell and 
,3 fate, or to modulate the interaction of the virus, vector or construct and 
cell prior to the entry of the virus, vector or construct into the cell. 



to 



Purthermore, the present invention relates to methods and constructs that 
ide for general interactions between target cells and a nucleic acid entity 



provi 



and compositions o, multimeric complexes useful wVo and .nro. 
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..on, t.e expositions provided by this invention is a construct which 

...ed nucleotide, a nucleotide analog or a non-nuc.eic acid entity, or a 

. Another composition is a construct 



chemical modification or a 



ligand. When present 



one mo 

combination of any of the foregoing 
bound non-ionically to an entity comprising a 

in a cell, such a construct produces a product. 
Another composition provided hy this invention is a construct hound non- 

.ntitv comprising a chemical modification or a ligand. When 
ionically to an entity comprib.uy 

present in a ce.i, such a construct also produces a product. 

™s invention provides a composition co« <a, a noo-na.urai entity which 
..prises a. least one domain to a nucleic acid component; and at least one 
ao.aln to a cell o, interest: and optionally. .he nucleic acid component, and 
optionallv, (0, the cei, ot interest, or hoth (h, and (c). In this composition, the 

o.e element and three optional elements. The r,rs, element Is a non-natural 
entity which comprises at least one domain to the nucleic acid component, and a 

component, the cell of interest . and huffers and Instructions. 
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Another composition provided by .his invention comprises an entity which 

attached to a nudeic acid component which is in non-do.b,e stranded form^ A U 
, aiso provided for introducing a nucleic acid component into a cel, of interest. 
The kit comprises in packaged containers or combination an entity which 

acid component wh.ch is in non-double stranded form. Optionaiiy provided are 
buffers and instructions. 



A,so provided is a composition comprising an entity which comprises a doma.n to 
3 nuceic acid component, the domain being attached to a cel. of interest. A Kit .s 
p.ovided for introducing a nucleic acid component ,nto a cel. of interest. In 
packaged containers or combination, the Kit comprises an entity which comprises 
a domain to the nuCeic acid component, the domain being attached to the cei. of 
interest. Buffers and instructions may also be optionally included. 



urther provided is a multimeric co 



mplex composition comprising more than 



unit attached by means of one or 



m 



ore interactions. Thus, 



one monomeric 

,He monomeric units may be attached to each other through polymeric 
interactions, or ,o a binding matrix through polymeric interactions, or a 



CO 



mbination of both kinds of interactions. 
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Also provided is a multimeric composition comprising more than one 
component attached to a charged polymer. In this composition, the charged 
polymer is selected from a polycationic polymer, a polyionic polymer, a 
polynucleotide, a modified polynucleotide and a polynucleotide analog, or any 



CO 



mbination of the foregoing elements. 



Tf,e present invention provides a nucleic acid construct which v,hen 
introduced into a cell codes for and expresses a non-native polymerase. The 
non-native polymerase is capable of producing more than one copy of a 
nucleic acid sequence from the construct. Also provided is a nucleic acid 
construct which when introduced into a cell produces a nucleic acid product 
comprising a non-native processing element. When contained in a 



compatible cell, the processing 



processing 



element is substantially removed during 



This invention also provides a process for selectively expressing a nucleic 
acid product in a cell, the product requires processing for functioning. The 
process comprises firs,, providing a nucleic acid construct which when 
introduced into a cell produces a nucleic acid product comprising a non- 
native processing element, which is substantially removed during processing 
when contained in a compatible cell, and second, introducing the construct 
into the cell. 
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acid component which 



Another composition comprises a primary nucleic 
.pon introduction into a cei, produces a secondarv nuCeic acd component 

.cia component, or Pot. Neither the secon.arv nuCeic acid component, the 
.„.rv nuCeic acid component, nor the nucleic acid product are capahie o, 
producing the primary nucleic acid component. 



Also prov 



«ed herein is a process ,or locaiizing a nuCeio acid product in a 
eu.aryotic ce„. This iocaii.ing process comprises first, providing a 
composition matter comprising a nuCeio acid component which when 
p.sent in a oei, produces a non-natura, nucieic acid product. The non- 

,He composition is introduced into a eu.aryotic ce„ or into a hioiogica, 



system 



containing a eukaryotic ceil. 



. . •,^ppt;o. ;c a nucleic acid component which 
Additionally provided by tnis invent.., .... a . 

.pon introduction into a oei, is capahie o, producing more than one specihc 

„.iai,y nonhomologous with each other and are either complementary 
„,th 3 specitic portion o, a single-stranded nuCeic acid o, interest in a cell or 
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This invention further provides a process for increasing cellular resistance to 
of interest. The process comprises first, providing transformed cells 



a virus 



phenotypically resistant to the virus; and a reagent capable of binding to the 
virus or to a virus-specific site on the cells. Second, the process comprises 
administering the aforementioned reagent to a biological system containing 
the cells to increase the resistance of the cells to the virus of interest. 



Further provided is a nucleic acid construct which when introduced into a cell 
produces a non-natural product. The non-natural product comprises two 



com 



ponents: first, a binding component capable of binding to a cellular 



component, and second, a localization component capable of dislocating the 
cellular component when it is bound to the non-natural product. 



Also contemplated by the present invention is a process for dislocating a 
cellular component in a cell. Here, the process comprises, comprises first, 
providing a nucleic acid construct which when introduced into a cell 
produces a non-natural product, the product itself comprising two 
components: a binding component capable of binding to a cellular 
component, and a localization component capable of dislocating the cellular 
component when it is bound to the non-natural product. In the second step 
of the process, the nucleic acid construct is introduced into a cell of interest 
or a biological system containing the cell or cells of interest. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 depicts the localized attachment of ligands and other moieties to a 
nucleic acid construct by incorporation into a nucleic acid primer. 

FIGURE 2 depicts the dispersed attachment of ligands to a nucleic acid 
construct by extension from a modified nucleic acid primer. 

FIGURE 3 illustrates the dispersed attachment of ligands to a nucleic acid 
construct by synthesis of a complementary RNA strand that utilizes modified 
ribonucleotide precursors. 

FIGURE 4 illustrates the localized attachment with a nucleic acid construct by 
hybridization of a gapped circle with a modified nucleic acid moiety that also 
contains useful moieties incorporated into a 3' tail. 

FIGURE 5 illustrates the preparation of a gapped circle such as shown in 
FIGURE 4. 

FIGURE 6 illustrates the localized attachment with a nucleic acid construct by 
hybridization of a gapped circle with a modified nucleic acid moeity with an 
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unmodified 3' tail to which has been hybridized a nucleic acid with useful 
ligands incorporated thereinto. 



FIGURES 7 AND 8 show the process for introducing a segment of RNA into a 
cell by means of a modified primer whereby the RNA will be transformed in 



VIVO I 



nto a double-stranded DMA segment, 



FIGURES 9 AND 10 show the process for introducing a segment of RNA into 
a cell by means of modified primers whereby the RNA will be transformed in 



VIVO 



into double-stranded DNA segments 



FIGURE 1 1 illustrates a process for introducing a segment of single stranded 
DNA having modified nucleotides as part of its sequence. 



FIGURE 12 Illustrates the fate of the modified single-stranded DNA from 
Figure 1 1 after it has been introduced into a cell. 



FIGURE 1 3 illustrates a process for introducing a segment of double stranded 
DNA having modified nucleotides as part of the sequence on each strand. 



FIGURE 14 illustrates a divalent antibody binder with one portion having an 
affinity for binding a retroviral particle, and the other portion having an 
affinity for binding the CD34 antigen. 



- 27 - 



rney's Docket Enz.53 



FIGURE 15 shows the covalent attachment of DNA to each portion of an 
fiah'h antibody fragment with an affinity for the CD34 antigen. 



FIGURE 16(A) depicts the covalent attachment of DNA to an adenovirus 
binding portion of a divalent antibody in order to promote the binding of an 
AAV vector DNA molecule to a CD34 receptor. 



FIGURE 1 6(B) is the same depiction as in FIGURE 1 6(A) except that F(ab') 
fragments are used instead of complete antibody proteins. 



FIGURE 17 illustrates a monovalent antibody to an adenovirus spike protem 
with one portion being modified by covalent attachment of DNA that can 
bind an adenovirus associated virus (AAV) vector DNA molecule through 
hybridization and the other portion being modified by the covalent 
attachment of an oligolysine modified by the attachment of lactyl groups. 



FIGURE 1 8 shows a monovalent antibody to an adenovirus spike protein m 
which each portion of the antibody has been modified by the covalent 
attachment of lactosylated DNA molecules which are bound to an AAV 
vector DNA by means of hybridization. 
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FIGURES 19 AND 20 describe the synthetic steps for producing a reagent 
that is useful for attaching nucleic acid moieties to an antibody. 



FIGURE 21 depicts a process for mutlimerization of F(ab')2 antibody 
fragments by hybridization of nucleic acid homopolymers. 



FIGURE 22 depicts a process for multimerization of insulin molecules by 
hybridization of nucleic acid homopolymers. 



FIGURE 23 depicts a process for multimerization of insulin molecules by 
hybridization of nucleic acid heteropolymers with a binding matrix. 



FIGURE 24 shows the introduction of an SV40 intron sequence that 
reconstitutes appropriate signals for in vivo splicing and production of a 
normal mRNA transcript for 17 RNA polymerase. 



FIGURE 25 shows the process of the intron introduction and subsequent 
construction of a T7 expression vector. 



FIGURE 26 shows the oligomers and their products used for the synthe 
the SV40 intron containing T7 RNA polymerase coding sequence. 
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FIGURE 27 depicts the process for the introduction of nucleotide sequences 
for the nuclear localization signal. 



* K' onH«! nf the nucleotide sequence for the 
FIGURE 28 is a comparison of the b ends or tne nut^icu 

al T7 RNA polymerase and a T7 RNA polymerase with sequences 



norm; 



inserted for a nuclear localization signal. 



FIGURE 29 shows the process for the assembly of PGR generated fragments 
by cloning methods to assemble a clone that directs the synthesis of an 
intron containing T7 RNA polymerase transcript. 



FIGURE 30 shows the sequences for HIV antisense sequences 
process for their cloning into T7 directed transcription units. 



and the 



FIGURE 31 shows the cloning steps for the combination of T7 directed 



antisense into a 



polymerase 



clone that contains the intron containing T7 RNA 



FIGURE 32 shows the DNA sequences and subsequent cloning steps for 
making a protein expression vector. 
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FIGURE 33 shows a process for a combination of the polylinker sequence 
from FIGURE 32 and a T7 promoter and a T7 terminator for making a T7 
directed protein expression vector. 



FIGURES 34 AND 35 depicts the design of a primary nucleic acid construct 
that will function as a production center to generate single stranded 
antisense DNA. 



FIGURE 36 depicts the design of a primary nucleic acid construct that wi 



generate a seco 



transcription. 



ndary nucleic acid construct capable of directing 



FIGURES 37 AND 38 depict the design of a primary nucleic acid construct 
that will generate a double hairpin production center (secondary nucleic acid 
construct). 



FIGURE 39 depicts the design of a primary nucleic acid construct that will 
generate a production center (secondary nucleic acid construct) capable of 

inducible suicide. 



FIGURE 40 depicts the design of a primary nucleic acid construct that will 
use tRNA primers in vivo to make secondary nucleic acid constructs capable 

of transcription. 
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FIGURE 41 depicts the process of excision of normal sequences from a Ul 
transcript region and replacement with novel sequences. 



FIGURE 42 shows the oligomer sequences for making HIV antisense 
sequences and the insertion of these oligomers as replacement for a portion 
of the Ul transcript sequence in a clone containing a Ul operon. 

FIGURE 43 is a computer generated secondary structure prediction for Ul 
transcripts with HIV antisense sequence substitutions. 



FIGURE 44 depicts the cloning process for making of a clone that contains 
multiple HIV antisense containing Ul operons. 



FIGURE 45 depicts the cloning steps for constructing a clone that contains 
multiple independent HIV antisense containing 11 directed transcripts. 



FIGURE 46 shows the final structures of the multiple operon constructs 
described in FIGURES 44 and 45. 



FIGURE 47 depicts the Coning steps for insertion of multiple T7 antisense 
operons into a vector coding for the T7 intron containing RNA polymerase. 
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FIGURE 48 represents flow cytometry data measuring binding of anti-CD4 + 
antibody to HIV resistant U937 cells. 



FIGURE 49 shows PCR amplification of the gag region indicating the absence 
of HIV in viral resistant cell line (2.10.16) after challenge. 



GURE 50 depicts a model system for testing the potential inhibition of HIV 



antisense 



sequences by using beta-galactosidase activity as an indicator. 



FIGURE 51 is a table of data demonstrating the effect of the HIV antisense 
sequence upon beta-galactosidase activity by enzyme assays as well as 
in situ assays. 
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nFTAILED DPgnRIPTIOlM OF THF IIMVENTION 
Dpfinitions 

Some definitions for the terminology used in the art and/or in the present 
invention might be in order. 

Primary Nucleic Acid Construct. A composition consisting of nucleic acid 
which in a cell propagates Production Centers. 

Production Center. A nucleic acid molecule derived from a Primary Nucleic 
Acid Construct which in a cell is able to propagate other Production Centers 
or to produce single stranded nucleic acid. 

Propagation. The generation or formation of a Production Center from a 
Primary Nucleic Acid Construct or the generation or formation of a 
Production Center from another Production Center. 

Production. The generation of a single stranded nucleic molecules from a 
Production Center. 

Inherent Cellular Systems. Cellular processes and components present in 
cells which can be utilized for the Production and Propagation as well as the 
function of single stranded Nucleic Acid Products. Such processes and 
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components can be native to the cell, or be introduced to the cell by artificial 
means or by infection by, for example, a virus. 




The present invention is a defined chemically modified nucleic acid construct 
(CHENAC) which, upon introduction into a cell, is capable of biological 
function, i.e.. production of a nucleic acid, production of a protein in a cell or 
interaction with a nucleic acid or protein in a cell. The said chemical 
modification directly or indirectly renders the construct capable of one or 
more of the following properties: a) binding to a target cell b) nuclease 
resistance c) providing a mechanism for introduction of the nucleic acid into 
cells d) providing nuclease resistance within the cytoplasm e) facilitating 
transfer of the nucleic acid from the cytoplasm to the nucleus f) providing a 
longer lifetime within the cell g) providing a signal for integration into cellular 
DNA. In the present invention, one or more of the above properties is 
capable of being provided without substantially interfering with the biological 
function of said nucleic acid. The present invention uses chemical 
modification of nucleic acid to attach directly or indirectly one or more 
ligands or chemical modifications or other moieties to a nucleic acid 
construct. A construct modified by the addition of ligands or chemical 
modifications could further complex with other moieties , those moieties 
being natural or unnatural, modified or unmodified oligo- or polypeptides; 
polycations; natural or unnatural, modified or unmodified oligo- or 
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polvsacchandes-, .ulti.Cecular complexes; inactivated viruses; and any 
cnenica. .ndin. attachment or con|u,ation capa.e of co.p.exin, with the 



,,3nd or cher^ica. .oiety. The Modified Nucleic Acid Constructs of the 

ion provide for the delivery of nucleic acid to eucaryotic cells 

and other mammals and to procaryotic 



present inventi 

including the cells of plants, humans 



cells. 



T.e present invention provides the capability to iooaiize che.icai 



of the CHENAC. This permits construction of 



composi 



modifications to regions 

+ ^-f +hA THENAC responsible for the 
litions in which the segment of the CHbNAu 

,p,o,c3. function can he se.eaated fro. modifiea re^icn.s, responsible for 

.edifications could he disruptive to hiolo.ica, function. In cases where 
,,ands or chemical n^cdifications can interfere with hiologica, activ.tv, 
chemicaliv modified segments of the CHENAC could he se.re^ated from the 

-I *• « ;ntn thP cell by displacement or loss of 
construct subsequent to introduction into the cell by 

modified segments. 



ceil produces a product, ,he construct comprising at least one modihed 
nucleotide, a nucleotide analog and a non-nucleic acid entity, or a 
combination of the foregoing. The modified nucleotide may be chemically 
modified as described further below. When present in the construct, at least 
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mav also be modified either on the 
i=r,tiHp analoq or analogs may aiso uc 
one of the nucleotide anaiuy 

K.th nnsitions With respect to the non- 
backbone or the side chain or on both pos.t.ons. 

■ attarhed to a single strand or 
;id entity this element may also be attached 



nucleic aci 



both 



strands of the construct when the 



latter is double stranded 



• • nn,v take any number of diverse forms. 
.i»ir acid entity or entities may take any 
The non-nucleic acia enuLy 

.,„..c .3.3, as wen . — o, a. ana a„ . *e ,.e.o,n. 
,e non— ao. en., o. en,.es ta. *e ,o.. o. a na..a, 

a.a.e — . .a. . — o. —a. ...a. pC^.s 
:,^_,,„...,..«a,a.o.,n,apo,.acc..e,a.a«va^^^ 
.a. ac. a. «a,U. anv ana a,, — ns 0, .e ..c,n. 

W.n p.aen. .n.n.on c— a.. . a .n.e.c p.^eMo. 

., ..a en«v 0. entHiea, hcopoWn^e. ana He,e™po,vn.e. 
.3. . e.p,ovea. .o.cp.V.e. ana ...opcW^e. a. . .anv 



the non-nucleic 



charge 



ignificant that the above-de 



scribed construct of the present invention 



• H to exhibit a further and additional biological activity 
can be designed to exnion a 

usefully imparted by incoi 



modified nucleotides 



,rporating at least one or more 

combination of any or 



nucleotide analogs, nucleic 



acid entities, ligands or 
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^i^ tj^Wp a number of forms 
Such biological activity may -tself take a 

, cell recognition, cell binding, and cellular 



all of these. 

including nuclease resistance 
(citoplasmic) or nuclear localization. 

ON. e..., a OWA-RN. o, a — n.c.c aca, .0. as a .A- 

... „. T.e nuc,e,c ac. co.pone.s o, *e CHE.AC .an .e .n.e- 
_^^^^,,„^,_,.,..™c,e.ac.— e.oan.ea,,.,n 

3 — n..c ac. o. a ™c.c ac. aoa,c.a. .o..ea .0.^ 
3. capa«e . ...n. . .o.p.e— ..ens o, n.ce.c ac, s 

con.a. c.a.ca, ™a.ca,.ns o, *e s..a., .ase o. p.spHa.e 

moieties. 



.....e s.a. ana p.csp.a.e .o.ps o. . s.e o.a. .oups 

:_.„.saana,o.es,...esa,.ses,as.^ 

,M- u ic Pt al 1994 Nature 369;492,) or 2 - 

wi\ -? nitroDvrrole Nichols et ai. la^t 
D-ribofuranosyD-S-nitropynu 

• /Pritifl et al 1986 Nucleic Acids 
J T Henvvxanthosine (Eritja et ai- 
deoxynebularine and 2 -deoxyxanxn 

Besaa.. 14:8.35,, .o.pu*a.ons..„, —a.eane.-.nW 



reference.. 
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Modified nucleic acids, nucleic acid analogues and other polymers with a net 
negative charge and/or a functional amino group(s) may facilitate the practice 
of this invention, since these properties provide for solubility, specificity, 
enzyme function and binding. It may be preferred that some of the 
functional sequences of nucleic acid may be natural or modified nucleic acid 
sequences such as promoter sequences, terminator sequences or priming 
binding sequences. 

The nucleic acid component of the CHENAC can be single stranded, double 
stranded, partially double stranded or even triple stranded. Further, such 
component can be circular or linear or branched, and may take the form of 
any DNA or RNA. It can contain both double stranded and single stranded 
regions and it can contain an non-complementary region, e.g, a tail. Such a 
tail region could further be bound to complementary nucleic acid. For 
example, single stranded nucleic acid can be present as one or more regions 
of single stranded DNA as a gap between otherwise continuous double 
stranded structure (see Figure 3, Gap 2). Alternatively, linear single stranded 
nucleic acid can be present as tails, or linear single stranded nucleic acids in 
which one end is bound to the CHENAC and the other end is free (See Figure 
4 and 6a). Gaps and tails can be single stranded RNA or DNA or a variety of 
other polymers both natural and synthetic, including modified nucleic acids, 
nucleic acid analogues, polysaccharides, proteins and other natural and 
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synthetic polymers. Such single stranded regions can serve as a means to 
segregate biological function from other functions and as regions of 
plementarity for the binding of nucleic acids (as in Example 6b). 



com 



The nucleic acid compcnen.s can contain one or more nicks in which 3'.5' 
phosphodiaster linkage between constituent bases is disrupted (See Figure 



lb and 2b) 



Ligands or chemical modifications can be attached to the nucleic acid, 
modified nucleic acid or nucleic acid analogue by modification of the sugar, 
base and phosphate moeities of the constituent nucleotides (Engelhardt et 

. 5,260,433, fully incorporated herein by reference) or to a 



al., US Patent No 



Modifications 



base moieties can 



non nucleic acid segment of the CHENAC such as polysaccharide, 
polypeptide and other polymers both natural and synthetic, 
o, sugar and phosphate moieties can be preferred sites for terminal binding of 
ligands or chemical modifications and other moieties. Modifications of the 

be utilized for both internal or terminal binding of ligands 
cr chemical modifications and other moieties. Modifications which are non- 
disruptive for biological function such as specific modifications at the 5 
positions of pyrlmidines ,Wa,d et a,. U.S. Patent No. 4,711,955, and related 
diyisionalsl and the 8 and 7 positions of purines ( Engelhardt et al., U.S. 
Patent No. 5,241,060 and related diyisionals; Stayrianopoulos, U.S. Patent 
No. 4,707,440 and related diyisionalsl may be preferred. The contents of 
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^ 1 1 natents and their related divisionals are 
each of the aforementioned U.S. patents 



inco 



rporated herein by reference. 



CHe.,ca, .o.r,c.ion can „.,te. to a spec.c se..en. o, *e cc.,™« 
,ai, or a gap, o, dispersed .hroughou. the CHENAC. Thus, *e 

, such a terminus comprising, for 



such as a 

construct may contain at least one terminus 
example, a polynucleotide tail. Such a modified nucleic 
;,„cduced into a ce„, couid be displaced and /o, replaced. 



acid, subsequently 



de 



no 



,„ a .urtHer embodiment the present inyention provides the construct, 

3„.ed above, further comprising at .east one iigand attached covalently or 

entities ,or combinations o, the foregoing,. Such ligands and chemica, 

.on-covalent interactions. Covaient additions can be made by chemical 
methods .ngelhardt et a,., and enzymatic incorporation. Non-covalent 

he made through nucleic acid-nucleic acid interaction, ant.gen- 
additions can be made tnrouyi 

..erection, hydrophobic interaction and other interactions based on 

hw thpse same methods and 
*u« rwFNAC can be made by xnese 
additions to the CHENAC can u 
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Stranded segment, a single stranded construct tail, a sequence 

or to any combinations of these portions or 



CO 



mplementary to a construct tai 



forms. 



Ligands or chemical mcdmcations, being any chennical entity, natural or 
synthetic, which can be utilized in this invention include n^acromclecules 
greater than 20,000 m.w. as well as small molecules less that 20,000 m.w. 
The ligand or iigands can include both macromolecules and small molecules. 
Macromolecules which can be utilized include a variety of natural and 
synthetic polymers inlcluding peptides and proteins, nucleic acids, 
polysaccharides, lipids, synthetic polymers including polyanions, polycations, 
and mixed polymers. Small molecules include oligopeptides, oligonucleotides, 
monosaccharides, oligosaccharides and synthetic polymers including 
polyanions, polycations, lipids and mi.ed polymers. Small molecules include 
mononucleotides, oligonucleotides, oligopeptides, oligosaccharides, 
monosaccharides, lipids, sugars, and other natural and synthetic entities. 



Ligands and chemical modifications provi 



de useful properties for nucleic acid 



transfer such as 1 ) cell targeting entities, 2, entities which facilitate cellular 
uptake, 3, entities specifying intracellular localization, 4, entities which 
facilitate incorporation into cellular nucleic acid and 5, entities which impart 



nuclease resistance 
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, ) Cell targeting entities which can be utilized include: 



a) antibodies to cellular surface components and epitopes 



b, viruses, virus components or fragments of virus components which have 
affinity for cellular surface components. These include such proteins as the 
gp, 20 protein of HIV which binds to the CD4 receptor of T4 lymphocytes 
(Lever 1995 British Medical Bulletin 51;149. incorporated herein by 

reference). 



c, ligands which have affinity for cell surfaces. These include hormones, 
lectins, proteins, oligosaccharides and polysaccharides. Asialoorosomucoid, 
for example, binds to the cellular asialoglycoprotein receptor (Wu et al. 1989 
J Biol Chem 269,16985, incorporated herein by reference) and transferrin 
binds to transferrin cellular receptors (Wagner et al. 1992 89; 6099, also 
incorporated herein by reference). 

d, polycations such as polylysine that bind nonspecifically to cell surfaces 

(Wu and Wu) 
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e, Matrix proteins such as fibronec.in that bind to hematopoietic cells and 
other ce„s (Ruoslahti et al. 198, J. Biol. Chem. 256:7277. incorporated by 

reference), 



f) lectins which bind to cell surface components. 



Entities which facilitate cellular uptake include inactivated viruses such as 

(Cnstiano et al. 1993 Proc Natl Acad Sci USA 90;2122: Curiel et 



adenovirus 



al. 1991 Proc Natl Acad Sci USA 88;8850, all of which are incorporated by 
reference): virus components such as the hemaglutinating protein of 
influenza virus and a peptide fragment from it, the hemagglutinin HA-2 N- 
terminal fusogenic peptide (Wagner et al. 1992 Proc Natl Aoal USA 
89;7934, also incorporated herein by reference). 



Entities which specify cellular location include: 
a) nuclear proteins such as histones 

W nucleic acid species such as the snRNAs U 1 and U2 which associate 
with cytoplasmic proteins and localize in the nucleus (Zieve and Sautereaui 
,990 Biochemistry and Molecular Biology 25:1, incorporated by reference, 



4) entities which facilitate inco 



rporation into cellular nucleic acid include: 
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3, proteins which function in integration o, nucleic acid into DNA. These 
include integrase site specific reoo.binases (Argos et al. 1986 EMBO Journ 
5; 433, incorporated by reference); and 



b) homologous 
specific integration 



nucleotide sequences to cellular DNA to promote site 



5, Entities which impart nuclease resistance modifications of constituent 
nucleotides including addition of halogen atoms groups to the 2' position o, 
deoxynucleotide sugars. (Bra.et et al.. U.S. Patent Application Serial No. 
07/446,235, filed on December 4, 1989, incorporated by reference). 

Uganda or chemical modifications can be introduced into CHENACs either 
a, directly by coniugation, b) by enzymatic incorporation of modified 
nucleoside triphosphates c) by reaction with reactive groups present in 
constituent nucleotides and d, by incorporation of modified segments. These 
processes include both chemical and enzymatic methods. Enzymatic 
n^ethods include primer extension, RNA and DNA ligation, random priming 
IKessler et al. 1990 Advances in Mutagenic Research, Vol. 1, Springer 
Verlag, pp 1 05 -1 52), nick translation (Rigby et al., 1 977, J. Mol. Biol. 113, 
237), polymerase chain reaction ISaiki et al., 1985 Science 239, 487), RNA 
labeling methods utilizing T7, T3 and SP6 polymerases, (Melton et al. 1984 
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Research 6, 1323). Chemi 



addition terminal transferase .Roycho.dh.rv et a.. 1979 Nucleic Acids 

ical methods (described in Kricka, 1 995 
Monisotopic Probing, Blotting and Seduencing, Academic Press, include direct 
.nachment of ligands or chen,ioal modifications to activated groups in the 

line, bromo, thio and amino: incorporation of 



nucleic acid such as allylami 



during chemical synthesis of nucleic acid 



chemically modified nucleotides during 
(COOK et al. 1988 Nucleic Acids Research 16, 4077; Stavrianopoulos U.S. 
Patent No. 4,707,440 and related divisionalsA chemical end labeling 
(Agrawal et al. 1986 Nucleic Acids Research 14, 6777,; labelling of nucleic 
id with enzymes (JablonsKi et al., 1986 Nucleic Acids Research 14, 6116,. 

1 1 <; natent are herein incorporated by 
All of the above-listed publications and U.S. patent 

reference. 



ac 



CHENACs can be prepared by the incorporation of nucleic acid segments 
modified by ligands or chemical modifications. Constructs can also be 
prepared by the incorporation of unmodified nucleic acid segments together 
i,h other segments. Segments incorporated into constructs can be single 
nded or double stranded or composed of both single and double stranded 
regions. Such segments can be composed of DNA, RNA, a combination of 

composed o, modified nucleic acid or nucleic acid analogue. All or part of a 
segment can contain natural or synthetic polymers. A segment can be 



w 



stra 
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• 1 «,thnri^ and enzymatic methods listed 
prepared by any of the chemical methods and enzy 



above. 



p.esent invention provides ,or choice o, localization o, il.ands or 
..epical .oaKications. ,n o.e, *at .cn i.an.s or c.e.ical .o.l.ica.ons 

,30,a.e. .0. .oai,ie. se.n^ents in *e CHE.AC. A.o, .oai.ications can 

U.ands o. cHen^lcal .oai.icatlons o. choice can he hv— to a 
.etine. -e«ion o, the oonsttuct, and pCv— can he done in the 
p..nce un— n.Ceotlde. In o.e, to confine the i.anas o. che.,ca, 
.oaltioatlons to a ae,lnea a.a o, the pti.et. A—, an —a 

„„,|„e the lianas o. che.Ica, .oaltlcations to the non-pn.e, te.on o, the 

Aitetnativelv, by using a prinne. containing Ugands ot chen.,ca, 
„oai.icatlons, lahellh, can done he throughout the sttand ct through 
compiementarity to a tail. 

3ctlvitv in CHENACs can contain sequences for hybhaizatlon with 

• * ^^iiiiiar DNA, termination 
i,„ace,Mar nucleic acia sequences, Integrat.on ,ntc ceilular 
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sequences, primer sites, promoter sites 



and processing signals and 



sequences 



* «f tho nrpsent invention carries a 
,n one preferred embodiment the construct of the present 

c.rthpr the construct can be 
net positive charge or a net negative charge. Further, 

Hydrophobic, it should not be overioo.ed that the construct 
ified nucleotides and at leas, one other member or 

or more nucleotide analogs and non-nucleic acid 



neutral or even 



ay comprise unmod 



element selected from one 
entities, or both. 



addition, or both 



another significant embodiment of the present invention is a construe, wh.ch 

..cailv to an en,itv comprising either a chem.cal modification or a ligand 

AS in the case of the other above-described construct, ,h,s 

; polvnucleo,ide ,ail. The polvnucleotide ta,i is hvbridi.abie or hybridized to a 

An antibody to a double stranded 
complementary polynucleotide sequence. An antibody 

u ^- o.tpM and -hu^ bound to such hybridized 
nucleic acid can be directed and .nj- 

ThP antibody can comprise a polyclonal 
polynucleotide tail sequences. The ant.body 



antibody or a 



monoclonal antibody 
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Other useful terms and definitions include the following: 

Nucleic Add Component: a compound or composition in a cell capable of 
producing a product. The composition comprises a nucleic acid sequence 
desired to be delivered to a cell including polynucleotide, modified nucleic 
acid and nucleic acid analogues which can be single stranded or double 
stranded RNA or DNA, RNA/DNA hybrid molecules and chimeric nucleic 
acids: nucleic acid construct and chemically modified nucleic acid constructs 
(See Examples 1 through 131: viruses including animal viruses such as 
adenovirus, adeno associated virus, retrovirus and plant viruses and 
bacteriophages; plasmids including the Ti plasmid: or plasmid derivatives that 
have encapsidated into viral particles by virtue of packaging signals. Nucleic 
Acid components can be produced ,n wVo or assembled in vi,ro or produced 
Chemically or produced by the techniques of recombinant DNA. The product 
produced from the Nucleic Acid Component in the cell could be a 
polynucleotide including mRNA, antisense RNA or DNA, ribozymes or it could 
be a protein or a protein product. 

Domain: A Domain is an entity that has a segment that binds non covalently 
either to a cell or to a Nucleic Acid Component. 
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Binder: A Binder is a carrier or matrix that includes at least one Domain. 



The present invention overcomes the limitations of prior art by providing a 
composition and method for universal and efficient nucleic acid transfer. The 
nucleic acid, whether in a virus vector, in a nucleic acid construct or as 
polynucleotide, can be introduce into a v.ide variety of cell types. 
Furthermore, the use of virus vectors in this invention is not limited to a 
specific or a unique viruses but a wide variety of virus vectors can be used. 
This invention is universal in two respects: 1) any Nucleic Acid Component 
can be applied either in wVo or in .iuo and 2) any target cell can be used. 



In the practice of this invention it is possible to: 

1 , bring into close proximity the Nucleic Acid Component and the 



2) 



target cell; and 

provide specificity between the Nucleic Acid Component and 



the target cell. 

3) enhance nucleic acid transfer to the cell by providing 

Competence Factors which enhance nucleic acid transfer 
through enhancing cell growth, cellular uptake of nucleic acid, 
cellular localization of nucleic acid and integration of nucleic into 
cellular DNA. 
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The present invention provides materials and methods for the delivery of 
nucleio aoids to oells. The specificity and/or prox,n,ity are provided through 
an intermediate, a Binder v.hich consists of at least one Domain. If the 
Binder has at least one Domain to the target cell, then tt,e Binder is attached 
,0 a Nucleic Acid Component. If the Binder has at leas, one Domain to a 
Nucleic Acid component, then the B^der is attached to a target cell. If the 
Binder has at least one Domain to both the Nucleic Acid Component and the 

Acid Component. 



one of the significant embodiments of the present invention is a composition 
comprising a non-natural entity which in turn comprises a. leas, one domain ,o a 
nucleic acid component: and a. leas, one domain to a eel, of in.erest. The domain 
or domains to the nucleic acid component are different from the domain or 
domains to said ceil. Optional elemen.s may be added to .his composition or non 
na.urai en.i.y including the nucleic acid component, the cells of interest, or both 
such nucleio acid component and such cells. 



binder. Further, the binder and the domain 



The entity can, of course, compnse a 
in the non natural entity can be the same or they can be different. 
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A Binder is a support or matrix that is composed of at least one Domain. A 
Binder can be natural or synthetic, such as a polymer, support, matrix or 
carrier (or combination of these). The binder comprises a. least one Domain 
,c a Nucleic Acid Component or to a cell of interest or to both. As such, the 
Binder can be a monofunctional or bifunctional entity. In the case of a 
monofunctional Binder, only one Domain is present, either to the Nucleic 
Acid Component or the cell of interest. In the case of a bifunctional binder, 
at least two domains are present, one ,o the Nucleic Acid Component and 
the other to the cell of interest. Where two domains are present in the 
binder, i.e., a bifunctional binder, the domain to the Nucleic Acid Component 
is different from the Domain to the cell of interest. In some cases Domains 
and Binders can be the same entity, such as an antibody that has a segment 
(an Fab region! that binds to an epitope and has an Fc segment that can 
function as a support for attachment. 



A Domain is an entity that has a segment that binds either to a cell or to a 
Nucleic Acid component. Domains can be natural or synthetic polymers 
including oligopeptides, polypeptides, oligosaccharides, polysaccharides, 
oligonucleotides and polynucleotides. These include monoclonal antibodies, 

polyclonal antibodies, polycations such as po.yamines, ligands to cell surface 

proteins, extracellular matrix proteins and ligands and their binding partners. 

These can be produced in wV. or assembled In vi,ro or produced chemically 

or produced by recombinant DNA techniques. 
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Domains provide binding to ce,,s or .0 NA Entitles through specific or non- 
specific binding through a variety of Interactions including nucleic acid- 
nucleic acid interaction, antigen-antibody Interaction, raceptor-llgand 
interaction, hydrophobic interaction, polyionic interaction and other 
interactions based on nucleic acid specificity, nucleic acid sequence and 
proteins capable of specifically binding .0 such sequences or secondary 
structures or combinations thereof. Interactions between llgand binding pairs 
and between complementary nucleic acid sequences may be preferred for the 
application of this invention. These include a nucleotide sequence recognized 
by a complementary sequence, an antigen by an antibody, a lectin recognized 
by its cognate sugar, a hormone recognized by Its receptor, an Inhibitor 
recognized by an enzyme, a cofactor recognized by its cofac.or enzyme 
binding site, a binding llgand recognized by Its substrate and combinations 



of the foregoing 



Antibodies provide useful Domains. Monoclonal and polyclonal antibodies 
fragments of these can be used. Antibodies can be obtained from sera, 

,rom hybrldomas and by recombinant DNA methods. BIspeclfic antibodies 
Which have the capability to bind to two different epitopes can also be 
useful. These can be hybrid hybrldomas (Staerz and Sevan 1986 Proc Natl 
Acad Sci USA 83;1453), heteroantlbodies produced by chemical conjugation 
of antibodies, or fragments of antibodies, 0, different specificities (Fanger et 
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3,. 1992 critical Rev Immunol. 12:101), bispecific single cha.n antibodies 
(G^uber e. al. 1994 Journ Immunol 152:5368. produced by genetic 
engineering and diabodies .Holliger e. al. 1993 Proc .at, Acad Sci USA 
90.6444, produced by genetic engineering. All o, the foregoing publicafons 



are i 



ncorporated herein by reference. 



Useful Domains with non-speci 



ific cell binding properties include molecules 



„i.h polyionic properties such as polycaticns including polylysine, protam.ne, 
histones or segments or fragments thereof. 



Useful Domains with specific cell binding properties include: 
1, ,.ose with binding affinity for a natural cell component, epitope or ligand. 

hormones, mono- and oligosaccharides, viral proteins 
.ceptor sites, extracellular matrix proteins such as fibronectin and fragments 
thereof, antibodies to cell proteins and fragments thereof. 



which recognize ceil 



2) those with binding affinity for a non 



-naturally introduced ligand where a) 



such as by reaction with a 



the ligand is attached to a cell by chemical means 
indirectly attached to a cell non-specifically. 
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Useful Domains 



non-spe.,ic NuC.c Ac. Co.pcnen, binding properties 



include those which bind no 



„.covaien.iv and not through a ligand/receptor 



system 



. Examples are polycations such as 



polylysine and histones that bind 



to nucleic acid 



Useful Domains 



specific Nucieic Acid Component binding properties 



include: 



1) 



• . . natural component of a Nucleic Acid 
those with binding affinity for a natural comp 

ligand. These include: 
antibodies to nucleic ac.d including antibodies to double 

anded DNA, to double and single 



Component, epitope or 



a) 



2) 



b) 



stranded and single stn 

f 17 hase pairs (Anderson 
.ambda which binds to a sequence of 1 7 base P 

e. a, 1981 Nature 290.754, incorporated by reference,. 
,cid Cor^ponent. These inciude antibodies to vira, proteins, 



protein of lymphocytes, 
artificial specific binding systems 
chemically introducing a ligand to the 



(Domains) can be formed by 

Nucleic Acid Component where 



said ligand has a corresponding receptor 



. Such specific ligands 



or 
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epitopes can be artificially introduced by chemical modification of a 
tyrosine o, amino group of, for example, a vector virus protein. 



Binders possessing .wo Domains can exist naturally or tbey can be prepared 
synthetically or artificially. For example, a Binder which possesses one 
Oomain with cell binding capabilities can be associated with a Domain with 
Mucleic Acid component binding capabilities to form a bifunCiona, Binder. 
This association can occur by 1, by covalent attachment 2, by specific non- 
eovalant attachment and 3, by non-specific non-covalent attachment or as 
. fusion peptide prepared by recombinant DNA technipues. 
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,„ above-dascribed cc.pos.t.on o, .his invention the nuoieic acd 

ol can .a.e a no.be. o, di«e.n. .t.. inCudin. a n.oie,c acd, a 

. construct a virus, a vira, fragment, a viral vector, a v,ro,d, a 
nucleic acd construct, a V ,„h a bacterial fragement as 

Phage a plasmid, a plasmid vector, a bactenuo,, and a bac.er, g 
I s combinations o, these. The eel, ot interest can be pro.arvotic o 

u • thic disclosure the domains can be 
+v described elsewhere in this disclosure 
eukaryotic. As describ combinations of these, 

attached noncovalently or through a binder or tn g 
Z. noncovalent binding is used, ionic interactions and/or hvdrophob, 

are preferred. In addition the noncovalen, binding can comprise 
i oTp e e . a specific comple. mediated bv a ligand binding 

' : n 'b-ng receptor can itself ta. a number of forms^ 

receptor. The iigan h.r. »re a polynucleotide 

Suitable but not r,ecessarily limited to these members are a po y 

be recognized by its complementary sequence: an antigen to be 

z:::^::::^!^ ™— r 

;:J^ecogni.dbyitsco— antigen.— 
corresponding sugar; a hormone to be recognized by its re ept ^ 
be recognized by its hom^one; an inhibitor ,o be recognized by ,.s e 

, he recognized by its inhibitor; a cofactor to be recognized by its 
enzyme to be recognizeo oy recognized by 

u-.ji„„ a cofactor enzyme binding site lo u= a 
ccfactor enzyme b.nd.ng s,te. a v combination of 

its cofactor; a binding ligand to be recognized by .ts substrate. 

the foregoing. 
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Another aspect of the present invention concerns the composition, described 
above, wherein the donriain to the nucleic acid component and the domain to the 
cell of interest are natural, and the binder is attached to the nucleic acid 
component by means other than a natural binding site. Here, as in other 
embodiments, the binder can comprise modified fibronectin or modified polylysine 

or both. 



Cells of interest containing or associated with the above-described compositions 
may be contained within a biological system, such as an organism. 

Also provided are methods for introducing a nucleic acid component, as 
described above, into a cell. Essentially the method comprises providing any 
of the above-described compositions and administering these to an 
appropriate biological system. Administration can be carried out in vivo or ex 
vivo. 

This invention also contemplates kits which are useful for introducing a 
nucleic acid component into a cell of interest. These kits comprise in 
packaged containers or combination a non-natural entity which comprises at 
least one domain to a nucleic acid component, and at least one domain to the cell 
of interest. Optionally included in such kits are the nucleic acid components, the 
cells of interest and buffers and instructions. 



Another significant embodiment is a composition comprising an entity which 
comprises at least one domain to a cell of interest, wherein the domain or 
domains are attached to a nucleic acid component which is in non double 
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Stranded form. As elsewhere, the entity can comprise a binder, and the binder in 
the domain can be the same or they can be different. Among others the binder 
can comprise a polymer, a matrix, a support or a combination of these. The cell 
of interest can be prokaryotic or eukaryotic. As also described above, the nucleic 
acid component can take a number of forms including but not limited to a nucleic 
acid, nucleic acid construct, nucleic acid conjugate, a virus, a viral fragment, a 
viral vector, a viroid, a phage, a plasmid, a plasmid vector, a bacterium, and a 
bacterial fragment or combinations of these. The domain can comprise covalent 
bonding or noncovalent binding, or both. Preferred as noncovalent binding are 
ionic interactions and hydrophobic interactions (or both), and a specific complex 
e.g., a specific complex mediated by a ligand binding receptor. Such ligand 
binding receptors have been described above. The cell of interest which is part of 
the composition may be contained within an organism. This last described 
composition can likewise be usefully employed in a method for introducing a 
nucleic acid component into a cell. This process has also been described above. 

Kits for introducing a nucleic acid component into a cell of interest can be 
fashioned from this composition. Such a kit comprises in packaged containers or 
combinations an entity which comprises a domain to a cell of interest, wherein 
the domain is attached to a nucleic acid component which is in non-double 
stranded form. Buffers and instructions may be optionally included. 

This invention also provides a composition comprising an entity which comprises 
a domain to a nucleic acid component wherein the domain is attached to a cell of 
interest. As further embodiments of this just described composition are the entity, 
the binder, the domain, nucleic acid component, the cell of interest, the covalent 
bonding and noncovalent binding of the domain, the ionic and hydrophobic 
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interactions, the specific connplex (including its mediation by a ligand binding 
receptor), the ligand binding receptor, as well as organisms, methods and kits for 
introducing nucleic acid components into cells containing the cell of interest are 
all as variously described above. 

ATTACHMENT OF NUCLEIC ACID COMPONENTS TO MONOFUNCTIONAL 
BINDERS 

1) Covalent Attachment of a Nucleic Acid Component to a monofunctional 
Binder which possesses a Domain to a cell. 

Covalent attachment can occur by direct coupling between reactive groups 
inherent to a Domain or Binder or by the use of a bifunctional crosslinker. 
Also, reactive groups can be introduced into Domains and Binders in order to 
facilitate such covalent attachment. Attachment to proteins, for example, 
can occur through reactive amino groups or tyrosine residues. Attachment 
can be made by protein-protein conjugation. Covalent attachment can also 
be made to polysaccharides and to polynucleotides. Covalent attachment to 
a nucleic acid, modified nucleic acid or nucleic acid analogue can be made 
through modification of the sugar, base or phosphate moieties of the 
constituent nucleotides (Engelhardt et al., US Patent No. 5,260,433, 
incorporated by reference). Also, nucleotide analogues can be introduced 
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into nucleic acid to provide reactive groups, e.g., allylamine groups (Ward et 
al. U.S Patent No. 4,7711,955 and divisionals, also incorporated herein by 
reference) and proteins can be covalently attached to these as described 
below using N-nnaleimido tri(aminocaproic) acid N-hydroxysuccinimide ester 
as a bifunctional coupler. Modifications of sugar and phosphate moieties can 
be preferred sites for ternninal attachment of ligands and other moieties. 
Modifications of the base moieties can be utilized for both internal or terminal 
attachment of ligands and other moieties. Modifications can include those 
which are non-disruptive for hybridization such as specific modifications at 
the 5 positions of pyrimidines (Ward et al., U.S. Patent No. 4,71 1,955 and 
related divisionals). Modifications of the 8 and 7 positions of purines 
(Englhardt et al. U.S. Patent No. 5,241,060 and related divisionals) and 
Stavrianopoulos, U.S. Patent No. 4,707,440 and related divisionals) may be 
preferred. In one embodiment, the chemical modification in the construct or 
construct components may be effected to a moiety independently selected 
from a base, a sugar, and a phosphate, or a combination of any or all three. 

Direct covalent attachment of a Nucleic Acid Component to a 
Monofunctional Binder can be illustrated by attachment of a double stranded 
DNA molecule (the Nucleic Acid Component) to an antibody which binds to a 
cell surface component (a monofunctional Binder). For example, an antibody 
which binds to the CD4 component of lymphocytes can be covalently 
attached to a double stranded DNA (a Nucleic Acid Component) which has 
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been modified by the incorporation of nucleotides containing allyiannine in 
order to provide a primary amine as a reactive group. The covalent 
attachment can be made as described below using N-maleimido 
tri(aminocaproic) acid N-hydroxysuccinimide ester as a bifunctional coupler. 

Fibronectin can also be used for the covalent attachment of a Nucleic Acid 
Component for delivery of nucleic acid to cells. For example, fibronectin, a 
fibronectin fragment or fibronectin containing compounds can be attached to 
either a polynucleotide or to a virus vector. For example, fibronectin can be 
covalently attached to an allylamine group of a Nucleic Acid Component. A 
virus vector Nucleic Acid Component, such as adenovirus, can also be 
covalently bound to fibronectin by protein-protein conjugation. The covalent 
attachment can be made as described below using N-maleimido 
tri(aminocaproic) acid N-hydroxysuccinimide ester. 

2) Specific non-covalen t attachment of a nucleic acid component to a 
monofunct ional binder which possesses a Domain to a cell. 
Non-covaient attachment of a Nucleic Acid Component can occur through 
complementary nucleic acid binding. A Binder composed of an antibody to a 
cell surface protein can be covalently coupled to a single stranded DNA by 
allylamine groups incorporated into the DNA as described below using N- 
maleimido triaminocaproic acid N-hydroxysuccinimide ester as a bifunctional 
coupler. The single stranded DNA is attached through complementarity to a 
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tail sequence of a Nucleic Acid Component. For example, an antibody to a 
CD4 cell receptor can be covalently attached to a single stranded DNA 
molecule which is complementary to the single stranded tail of a construct 
(such as the one described in Example 6) to deliver nucleic acid to CD4 + 



cells. 



Fibronectin can be modified to provide for the non-covalent attachment of a 
Nucleic Acid Component. Fibronectin can be covalently attached to an 
antibody which has binding specificity for a virus vector such as adenvirus. 
Fibronectin and anti-adenovirus antibody are covalently attached by the use 



N 



-maleimido tri(aminocaproic) acid N-hydroxysuccinimide ester as a 



bifunctional coupler as described below. 



Mnn-^nficific pnn.rnv;,lfint attachment pf ? NuGjejc Acid Component to a 




This can be achieved by the non-covalent attachment of a Domain, such as 
polylysine which binds to polynucleotides (Nucleic Acid Component). 
Polylysine can attach to a monofunctional Binder composed of a DNA 
oligomer modified by the covalent addition of trilactyl lysyl lysine (Domain to 
a cell) as described in Example 1 of this patent. The resulting entity can 
deliver nucleic acid specifically to liver cells. 
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ATTACHMENT OF CELLS TO MONOFUNCTIONAL BINDERS WITH 
DOMAINS TO A NUCLEIC ACID COMPONENT. 

il Binder which possesses 




pnmain to ^ Niir.leic Arid Component 
A Binder with a Domain for a Nucleic Acid Component can be covalentiy 
attached to a ceil. For example, a monoclonal antibody to adenovirus can be 
covalentiy attached to a cell to provide adenovirus binding sites on the ce 
surface. Covalent attachment of the antibody can be made by the use of N- 
maleimido tri(aminocaproic) acid N-hydroxysuccinimide ester as a 
bifunctional coupler. 



Synthesis of the bifunctional coupler and its use for covalent attachnnent of 
proteins is described. Tri(aminocaproic) acid is reacted with a threefold 
excess of 3-maleimidopropionic acid N-hydroxysuccinimide ester at a pH 7.8 
for 30 minutes at room temperature. The pH is adjusted to 4.0 with acetic 
acid and the solution is freeze dried. The solid is triturated with ethanol to 
remove unreacted 3-maleimidopropionic acid active ester and traces of 
ethanol are removed in vacuum. The solid residue is dissolved in 
dimethyllformamide and filtered from the insoluble salts and reacted with 1.1 
equivalents of dicyclohexyl carbosuccinimide at room temperature overnight. 
The hydroxyurea is removed by filtration and the dimethylformamide is 
removed in high vacuum at 35°C. The semisolid residue is triturated with 
isopropanol to remove unreacted dicyclohexylcarbodiimide and N- 
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hydroxysuccinimide. The solid residue is washed with absolute ether and the 
ether traces are removed by vacuum leaving N-maleimido tri(aminocaproic) 
acid N-hydroxysuccinimide ester (Compound I). 



Cells are treated with Ellman's reagent to block reversibly thiol groups on the 



ce 



II surface. The amino groups on the cell surface are reacted with 



Compound I in isotonic phosphate buffer at pH 7.8 for 30 minutes. Excess 
Component I is removed by centrifugation of the cells at 1000 x g at room 
temperature for 5 minutes and decanting the supernatant fluid. The cells are 
resuspended in phosphate buffered isotonic saline and reacted for one hour 
at room temperature with an antibody to which thiol groups have been 
added. Thiol groups are added to the antibody by reaction with 
homocysteine thiolactone at pH 9.0. 



At the end of the reaction the cells are reacted with 0.5 mM cysteine in 

phosphate buffered r^fot to reconstitute any blocked thiol residues on the 

A 

cell surfacae, and the cells are washed by centrifugation in phosphated 
buffered saline. 




inder 



whir.h possf^?^sfis a Do main to a Nucleic Acid ComPOngnt. 



This can be accomplished by the covalent attachment of biotin to cell surface 
proteins using an N-hydroxysuccinimide ester of biotin (Enzotin, Enzo 
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Biochem, Inc.). A binder composed of an antibody to adenovirus covalently 
attached (by the Fc portion) to avidin will bind to biotin molecules on the cell 
surface to provide adenovirus binding to the cell surface. 



3) ^.. ^.cppnifin non -^^>^^i^nt .tt^chmPnt nf R cell TP a mnnnfi innTional Binder 




Polylysine can be covalenty attached to the Fc portion of an antibody to 
adenovirus. The polylysine/anti-adenovirus antibody will bind to the cell 
surfaces to provide attachment sites for an adenovirus vector. 



BINDING OF CELLS TO NUCLEIC ACID COMPONENTS THROUGH 
BIFUNCTIONAL BINDER MEDIATION 



Such bifunctional Binders can be formed by the attachment of two Domains 
either directly or through a binder or a matrix. The attachment can be 
covalent, non-covalent, non-specific non-covalent or specific non-covalent. 
Specific attachment of cells to Nucleic Acid Components can be 
accomplished by the use of a bifunctional Binder. Such a Binder can be 
prepared by the association of a domain for a Nucleic Acid Component with 
a Domain for a cell. For example, an antibody to adenovirus can be 
covalently attached by the Fc portion to polylysine. An antibody to a cell 
surface protein such as CD4 can also be covalently attached to the 
polylysine to produce a bifunctional Binder. 
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A bifunctioal Binder can also be prepared by non-covalent binding through 
hybridization of complementary nucleic acid strands that have been attached 
to two different antibodies. The Fab fragment of an antibody to adenovirus 
can be modified by the addition of a homopolymer such as polythymidilic 
acid (poly T). The Fab fragment of an antibody to a cell surface marker, such 
as CD4, also be modified by the addition of a homopolymer such as, in this 



case 



, polyadenylic acid (poly A). The two modified Fab fragments can be 



joined by A:T base pairing to provide for the delivery of adenovirus to CD4 + 
cells (See Example 1 6 for the attachment of Fab fragments to 



homopolymeric polynucleotides 



In addition to Domains and Binders, other entities can be provided to enhance 
nucleic acid transfer. There can be directly or indirectly attached to a Nucleic 
Acid Component, to a Binder or to a Domain. Attachment can be made by 
the methods described above for the covalent and non-covalent attachment 
of Nucleic Acid Components to Binders and Domains. These entities include; 
1) o ptitiP. whinh en h^"^^ ^'^ll "rowth. These include extracellular 

matrix proteins such as fibronectin, which enhance the growth 

and the transformation efficiency of cells. 



2) p ptitifis which f^^ilit?^tfi cellular uptake. These include 

inactivated viruses such as adenovirus (Cristiano et al. 1993 
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Proc Natl Acad Sci USA 90;2122: Curiel et al. 1991 Proc Natl 
Acad Sci USA 88;8850, all of which are incorporated herein by 
reference), virus components such as the hemaglutinating 
protein of influenza virus and a peptide fragment from it, the 
hemagglutinin HA-2 N-terminal fusogenic peptide (Wagner et al. 
1992 Proc Natl Acal USA 89;7934, incorporated by reference). 



3) ^ ptitiP... whic h f^rm^R incnrnnr?irion pf PMnleic acid into . 

.oH,,|^ r n..HPir.acid . These include integrase site specific 



recombinases (Argos et al. 1986 EMBO Journal 5; 433, also 
incorporated by reference). 



4) ^r ^Y'*'-- whirh f . rrtinn in nRllulBr lorali/aTjon pf nucleic acid - 

These include nuclear proteins such as histones and nucleic acid 
species such as the snRNAs U1 and U2 which associate with 
cytoplasmic proteins and localize in the nucleus (Zieve and 
Sautereauj 1990 Biochemistry and Molecular Biology 25; 1, 
incorporated by reference). 



Factors unattached to a Nucleic Acid Construct, a Binder or a Domain can 
also facilitate nucleic acid transfer by increasing the competence of cells for 
nucleic acid transfer. These include factors which act to promote cell growth 
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and are be added to target cells during, before or after the process of gene 
transfer in vivo or ex vivo. These include: 



1 ) gLnmhJ3^ such as IL-3, IL-6, GM-CSF, Epo and SCF which 
stimulate cell growth (Palsson et al., 1993 Biotechnology 11;368: Koller et 
al. 1993 Biotechnology 11;358: Koller et al. 1993 Blood 82;378, both of 



w 



hich are incorporated by reference) and 



2) ^^.;t;.c c.h r-^ Trjv prnt.in.. thnir frnnm^-pt. or compounds 
^^^^^^^^i^^ e.g., fibronectin, which form a cell binding matrix 

which promotes cell growth. 



The present invention provides one or more of such effects in vivo or 
ex vivo. Such in vivo or ex vivo effects include the following: 



1 ) bringing a Nucleic Acid Component and a target cell into close 



proximity 



2) providing speci 



ficity for the interaction between the Nucleic Acid 



Component and the target cell 



3) 

cell. 
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facilitating introduction of the Nucleic Acid Component to the target 



4) enhancing the cells capability to be transformed, i.e., the competence 
of the cell, by providing growth factors, matrix support and other factors. 



5) providing for localization, integration and stability of the Nucleic Acid 
Component and derivatives of the Nucleic Acid Component in the cell. 



6) providing a Nucleic Acid Component or a derivative of it which in the 
cell is capable of producing one or more products which include antisense 
RNA, antisense DNA, sense RNA, ribozymes, decoys, mRNA and proteins. 



.•^ Mtiltime rjn Cnmplexes 

The present invention provides novel methods and compositions to form 
multimeric complexes in which the individual components enjoy retention of 
their monomeric activity while also maintaining solubility after being joined 
together. Such a multimeric complex consists of more than one monomeric 
unit, either bound to each other noncovalently through a polymeric 
interaction or noncovalently bound to a matrix by a polymeric interaction. 



The present invention provides a multimeric complex composition comprising 
more than one monomeric unit attached to each other through polymeric 
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interactions or attached to a binding matrix through polymeric interactions or 
a combination of both interactions. The polymer or oligomer of the 
monomeric unit can be linear or branched, and it can comprise a 
homopolymer or a heteropolymer. The monomeric unit can comprise an 
analyte-specific moiety such as one which is capable of recognizing a 
component in a biological system, e.g., a virus, a phage, a bacterium, a ce 
or cellular material, a tissue, an organ or an organism, or combinations 
thereof. 



The analyte-specific moiety can take a number of forms including its 
derivation or selection from a protein, a polysaccharide, a fatty acid or fatty 
acid ester and a polynucleotide (linear or circular or single stranded) or a 
combination of these. As an analyte-specific moeity such a protein can 
comprise an antibody (polyclonal or monoclonal), a hormone, a growth 
factor, a lymphokine or a cytokine, and a cellular matrix protein, or a 
combination of these. 



A monomeric unit is an entity comprised of two elements. Said first element 
is a compound. Said second element is a polymer (or oligomer) capable of 
noncovalently binding, complexing or hybridizing either to the polymer or 
oligomeric element of a second monomeric unit or to the polymer or oligomer 
that makes up a binding matrix. Among others, the monomeric unit can be 
selected from a naturally occurring compound, a modified natural compound. 
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a synthetic compound and a recombinately produced compound or 
combinations of such compounds. 



Said compound may be an anaiyte specific moiety that is capable of 



recognizing and binding to a component in a biological system in vivo or in 
vitro. A biological system can be comprised of cells, cellular components, 
viruses, viral components, circulating material, extracellular binding matrices 
or combinations thereof. The compound could be naturally occurring, a 
modified natural compound, a synthetic compound or a recombinant product, 
It could be a polyclonal or monoclonal antibody, complete protein chains or 
f(ab) fragments, from human or other species; it could be a lymphokine, 
cytokine, hormone (e.g., insulin), or growth factor (e.g., erythropoietin) or a 
cellular matrix protein (e.g. fibronectin); it could be a ligand, vector, 
bacterium, or virus; it could be a monosaccharide, oligosaccharide, 
polysaccharide, polynucleotide, protein, or lipid. 



The polymers can be attached to the compounds either covalently or 
noncovalently. The compounds could be covalently attached to the polymers 
through conjugation of reactive groups on the compound and the polymer. 
Either the compound or the polymer or both could be chemically modified 
such that conjugation could be facilitated. Either the compound or the 
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polymer could be modified such that a ligand such as biotin could be 
introduced to one and a receptor for the ligand such as avidin introduced to 
the other. 



It is preferred that the polynucleotide segment that is attached to a given 
compound does not bind to itself or hybridize together or is not substantially 
self-complementary. In the multimeric construct, the component could be 
homogeneous or heterogeneous, as long as the polymer segment on the 
homogeneous component or heterogeneous mixture or compounds can bind 
or hybridize to the same binding polymer or polynucleotide in the binding 
matrix. 



Polymers that are attached to the compounds to form the monomeric units 
may be selected from the same group of polymers that comprise the binding 



matrices 



with the proviso that they should be able to bind together 



noncovalently. 



The binding matrix is an entity comprised of a linear or branched polymeric 
compound that has more than one portion of a linear segment that is capable 
of noncovalent binding to a linear segment of a polymer of a monomeric unit. 
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The linear segment could be comprised of a homopolymer, heteropolymer or 
co-polymer, a synthetic polymer, a natural polymer, a polynucleotide, 
modified polynucleotide, or polynucleotide analog or polyionic compound. 
Thus the binding matrix can comprise or take its selection from a 
polypeptide, a polynucleotide and a polysaccharide or any combination. 



The binding matrix itself may or may not be attached to a compound or an 
entity, in instances when the binding matrix does attach to a compound or 
ligand, it is preferred that the binding matrix have reactive groups for such 
attachment either, directly (covalently) or indirectly (noncovalently) to the 
compound. The preferred polymers that are contained within the binding 
matrix or that are attached to the compound are those with a monomeric 
backbone containing a charged group, such as the phosphate backbone of 
polynucleotides. The hydrogen bonding or ionic state of these polymers could 
be further changed by the chemical modification of appropriate groups of the 
side chains or backbone of such polymers, such as the introduction of 
chelator goups described in US Patent No. 4,843,1 22 or EP 0 285 057 B1 or 
3^;,e groups described in US Patent No. 4,71 1 ,955. All of the contents of 
these aforementioned U.S. and foreign patents are incorporated by reference 
into this disclosure. 



The polymer attached to the compound and the polymer of the binding 
matrix could bind to each other noncovalently through either ionic 
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interact! 



ions, hydrogen bonding, complementarity or polar interactions, 



including dipole-dipole interactions. 



When the binding is through ionic interaction, if the monomeric unit contains 
polycationic segments, then the corresponding binding matrix should have 
polyanionic segments. If the monomeric unit has polyanionic segments, then 
the corresponding binding matrix should contain polycationic segments. 



Examples of positively charged polymers could be protamine or polylysine; 
soluble DEAE (diethylaminoethyl) cellulose, or DEAE dextran (a branched 



polysaccharide). 



Examples of negatively charged polymers are teohoio acids (polymeric chains 
of glycerol or ribitol molecules linked to each other by phosphodiester 
bridges), polyglutamic acid, carboxymethyl cellulose, dextran sulfate (a 
branched polysaccharide with 3 negatively charged sulfate groups), and 

polyacrylic acid. 



When the binding is through hydrogen bonding or complementarity, if the 
n^onomeric unit has a polynucleotide sequence attached, the corresponding 
binding matrix should have the complementary nucleic acid sequence. 
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Binding matrix polymers preferentially have net ionic charges or sufficient 
polarity to be soluble and have the capability of noncovalent binding to 



another polymer 



of opposite polarity, charge, or complementarity Such a 
polymer could be single or double stranded polynucleotide, RNA or DNA. 
modified or unmodified; polynucleic acid analogs or any other synthetic 



polymer that exhibits such properties. 



Double stranded nucleic acid can also act as a 



polyanionic binding matrix. In 



•o ..nit i« attached to a polycationic entity such as 
this case the monomenc unit is attacneo to d fj y 

polylysine or polyamine. 



Another way o, constructing such complexes is through protein-nucleic acid 
interactions. Polypeptides that exhibit high affinity levels for nucleic acids 
can be attached to desirable compounds to form monomeric units that can 
then be complexed together by binding to a nucleic acid polymer. The 
sequence of the nucleic acid polymer can be made up of multimers of binding 
sequences in the cases where the monomeric units are derived from 
sequence specific binding proteins such as the HlV TAR protein. However, 
the Choice of the sequence of the nucleic acid polymer can be completely 
unrestricted in cases where the monomeric units are derived from sequence 



independent DNA binding proteins such as histone. 
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one can optimize a given multicomplex con^pound by adiusting the number 
0, mcncmeric unites in a given binding matrix such that cne obtains the 
n^aximurr, number o. compounds on a given binding matrix, while maintaining 
solubility and avoiding steanc hindrance to assure maximal functioning of the 

multicomplex construct. 

When the binding of a monomeric unit to the binding matrix is through ionic 
interaction of two oppositely charged polymers, the ratio of the monomeric 
unit to the binding matrix has to be adiusted such that the net charge or the 
charge distribution of the multicomplex construe, is sufficient to maintain 

solubility. 



such multimeric complexes are formed by introducing a polymer to an 
individual compound that can bind either to another polymer and/or can bind 
,0 a polymer of another compound. In the case of polynucleotides, the 
binding could be through complementary sequences. The polymers could be 
homopolymers or heteropolymers, sufficient in length to form a stable bond. 
In a stable bond formed by polynucleotides, the polymer could be from 
approximately 6 to several thousand nucleotides in length. 



one aspect of these multicomplex units is the formation of complexes with 
High affinity for the targe, entity. A multi-antibody complex of this invention 



will exh 



ibit a much higher avidity for the target antigen than a single 
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antibody. Such a complex w,ll be useful therapeutically ahd for in wt™ 
diagnosis, in vivo such complexes could be used as more effective 
i„,muno,cgic reagents, including antiviral, antibacterial and antitumor agents. 
In the case of in vivo use of such a multimeric complex, the preferred 
polymers are polynucleotides or modified pciynucleotidas since nucleic acids 
are better tolerated immunologically. For in vitro diagnostics, such 
.ulticomplexas could be used to develop more sensitive assay systems. The 
sansitivity of any diagnostic system depends on two factors, the sensitivity 
„, the signal and the affinity between the analyte and analyte specific 
moiety. If the affinity is not high enough there could be practical or 
.heoretica, limits as to how much one could increase saturated binding in the 
system with the target entity. 

Furthermore, such complexes could be used for efficient gene transformation 
rVo or in vitro (as discussed in the disclosure). 



both in VIVO 



certai 



A certain concentration of the binding partner is required in order to obtain a 
n level of binding in vivo as well as in vitro.. A multimeric complex of 
biological binding elements, which upon binding to a cell can trigger 
biological effects in the cell, would have a much higher binding affinity to a 
target cell than the corresponding monomeric unit. Consequently much 
,„„ar quantities of such a multicomplex compared to the monomeric unit 
would be needed to achieve the same physiological effect. Examples of such 
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biological complexes are hormones, cytokines, lymphokines, growth factors, 
ligands. A multicomplex of insulin could be useful in that manner in diabetic 



treatment 



,n addition to being used to form more potent biological effectors, multimeric 
complexes or polymeric units of this invention can be used to form 
multimeric complexes or polymeric units of compounds which bind to 
etiological agents, such as viruses, bacteria and fungi, or to toxic 
compounds. These binding compounds could be polyclonal or monoclonal 
antibodies, complete protein chains or F(ab) fragments, from human or other 
species; or the receptor protein of the etiological agent or toxic compound. 
The binding of such polymers or complexes to the target is stronger than the 
binding of the monomers and these polymers or complexes can recognize 
and bind to low concentrations of the etiological agent or the toxic 
compound. These compositions can be applied, therefore, for more effective 
therapeutic use against infection and toxicity. These products can be 
adminstered to patients in .ivo or could be used « wVo for neutralization of 
potentially infected or toxic blood. 



e would modify a compound, such that the 



In preparing such complexes, on 
binding of the compound does not interfere with its biological function or 
. The preferred attachment of reactive groups or oligomers or 
lently or through a complex would be via non-disruptive 



effects 



polymers cova 
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Chemistry. Binding is through reactive groups in the compound that are not 
within the active site, binding site or functional groups and binding is such as 
to allow maximal freedom with the least amount of disruption to the 
molecule. 



„ desired, the spacing of the monomeric units can be predetermined by 
defining the nature of the region that the monomeric units are bound to the 
matrix to optimize their spacing so as to provide proper co-operative binding 
and also to reduce potential stearic hindrance. An example of this type of 
disposition of the monomeric units is shown in Figure 23 from Example 1 8 
where each monomeric unit has been joined to a specific unique sequence 
that is complimentary to different portions of the Ml 3 binding matrix. 



These multicomplex compounds could further contain many other entities as 
ligands, receptors, chemical modifications that either enhance their biological 
function, increase their solubility, provide further cooperative overall binding 
or provide capability to bind to desired cells in vitro and in vivo. Thus 
another aspect of this invention is the composition, described above, further 
comprising an entity attached to the binding matrix. Such an entity can 
comprise a ligand or a compound which increases the binding of the binding 
matrix. Examples of such entities are the cellular matrix proteins 
(fibronectin), lectins, polysaccharides, and polycationic polymers such as 
polylysine and histones. 
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Any c=f the above-described compositions can be formulated as homogeneous 
forms or compositions or heterogeneous forms or compositions. 



The above-described multimeric complex composition (and its various 
embodiments) can be usefully employed in a process for delivering a cell 
effector to a cell. In such a process one would provide the multimeric 
complex composition wherein the monomeric unit of the composition 
comprises a cell effector and administer the composition either in vivo or ex 
vivo, in addition the multimeric complex composition can be employed in a 
process for delivering a gene or a gene fragment to a cell. Here, one would 
provide the multimeric complex composition wherein the monomeric unit 
comprises the gene or gene fragment to be delivered and would administer 
such composition either in vivo or ex vivo as the case may be. 



Another useful multimeric composition comprises more than one component 
attached to a charged polymer. The charged polymer is selected from a 
polycationic polymer, a polyionic polymer, a polynucleotide, a modified 
polynucleotide and a polynucleotide analog as well as combinations of the 
foregoing. Such a component can comprise a protein, e.g., an antibody 
(polyclonal or monoclonal), an F(ab'). fragment or both. The antibody can be 
further complexed with a target comprising an enzyme. 
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4, Intrnn In antivation 

The present invention provides (1) a universal composition for conditional 
leic acid processing by the introduction of a processing element into a 



nuc 



nucleic acid sequence produced from a construct introduced into a cell. Said 
produced nucleic acid is processed in a compatible cell, i.e., a cell capable of 
processing RNA by removal of the processing element Said RNA is not 

'ii icavahK . 

processed in an incompatible ceil, i.e., a cell 5af«Wi of processing RNA by 
removal of the processing element and (2) a binary biological function in 
which a single nucleic acid construct bearing at least two operons or 
transcriptional units non-native to a cell when introduced into said cell results 
in the protein gene product of one of the operons impacting the the protein 
gene product(s). 



The present invention provides a novel method and constructs for capability 
for the conditional inactivation of a gene by the use of a non-native, or 



heterologous, processing element which only permits gene expression in 
compatible cells. The method utilizes the introduction of a heterologous 



processing element into the coding region of a desired gene resulting in 
inactivation of the gene when present in a non-compatible cell. The intron 
can be inserted at a number sites in most genes. The heterologous 
processing element carries no flanking sequences, and thus introduces no 
additional sequences upon insertion. In a preferred embodiment, the gene 
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p„duc. e,ther is absent or inactive in an incompatible ce„, but when 
introduced into a compatible eel, yieids a functional mRNA molecule which, 



upo 



n translation, the gene yields an unaltered protein. 



Among the significant embodiments is a nucleic acid construct which when 
introduced into a cell expresses a non native polymerase, the polymerase 
being capable of producing more than one copy of a nucleic acid seguence 
,.om the construct. This construct can further comprise a recognition site 
for the non native polymerase. Such a recognition site can be 
complementary to a primer for the non native polymerase. The primer 
preferably comprises transfer RNA (tRNA). 

in certain embodiments the non native polymerase comprises a member 
selected from DNA polymerase, RNA polymerase and reverse transcriptase 
as well as any combination of the foregoing enzymes. The RNA polymerase 
preferably comprises a bacteriophage RNA polymerase, e.g., T3, T7, and 
SP6, or combinations thereof. Furthermore, the above-described construct 
can comprise a promote, for the RNA polymerase. 



The nucleic acid produced from the construct can take a number of forms 
including bu, not limited to DNA, RNA, a DNA-RNA hybrid and a DNA-RNA 
Chimera, or combinations thereof. The DNA or RNA can comprise sense or 

antisense, or both. 
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Another significant aspect of this invention concerns a nucleic acid construct 
which when introduced into a cell produces a nucleic acid product connprising 
a non native processing element which when in a compatible cell, the 
processing element is substantially removed during processing. The 
processing element can comprise an RNA processing element including but 
not limited to an intron, a polyadenylation signal and a capping element, or 
combinations of the foregoing. 



The nucleic acid product can be single stranded and it can comprise any of 
RNA, antisense DNA, sense RNA, sense DNA, a ribozyme and a 



antisense 



protein binding nucleic acid sequence, as well as combinations of any of 
these. The protein binding nucleic acid sequence preferably comprises a 
decoy that binds a protein required for viral assembly or viral replication. 



Also provided by this invention is a process for selectively expressing a 
nucleic acid product in a cell, the product being such that further processing 
is required for its functioning. The process comprises as its first step 
providing a nucleic acid construct which when introduced into a cell 
produces a nucleic acid product comprising a non-native processing element, 
which when in a compatible cell, the processing element being substantially 
removed during processing. The second step comprises introducing this 
construct into the cell. The processing element, e.g., an RNA processing 
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element, the nucleic acid product and the steps of introducing the construct 
in vivo and ex vivo are all as described previously. Significantly, in this 
process, the construct can be introduced into a biological system containing 
the cell. This biological system can comprise, an organism, an organ, a 
tissue and a culture (cell or tissue) as well as combinations of these. 



The present invention provides a universal method for utilizing processing 
elements, including heterologous elements, for conditional gene inactivation. 
Rather than a restriction enzyme site, the frequently occurring sequence 
{C/A)AGG post splice junction sequence is used as the insertion site. This 
site results from the consensus sequence resulting from an excision of an 
intron. The consensus splice sequence for splice donors is (C/A)AG*GU and 
the consensus sequence for splice acceptors is (U/C).N(C/U)AG*G where * 
represents the splice site (Mount 1982 Nucl. Acids Res. 10, 459). The 
frequent occurence of this sequence provides numerous potential sites for 
the insertion of processing elements. Insertion at any of these sites in a 
gene coding region should not affect subsequent removal of the processing 
element in a compatible cell. Proteins produced from processed mRNA 
should demonstrate no change in amino sequence or enzyme activity since 
only processing element sequences free of flanking exon sequences are 
introduced thereby allowing the processing event to regenerate the original 
coding sequence. 
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Furthermore, the site of insertion for a processing element does not appear to 
affect gene expression. Mayeda and Oshima (1990 Nucl. Acids Res. 18: 
4671, incorporated by reference) showed that a native intron, isolated as a 
restriction fragment of DNA containing the p-globin intron with the conserved 
bases of the 3' end of the donor exon attached, could be introduced into 
various sites of a cDNA copy of B-globin and subsequently be spliced out 
normally, irrespective of intron location in the B-globin coding sequence. 
This is consistent with the consensus sequences that have been identified for 
splice donors and splice acceptors and that there are no particular 



requ 



rements for a specific sequence at the 5' end of the acceptor exon 



It is possible that insertion of a heterologous processing element may not in 
all cases inactivate a gene when present in an incompatible cell. Although 
splicing has been observed in procaryotic systems for bacteriophage T4 (Chu 
et al. 1984 Proc. Nat. Acad. Sci. USA 81: 3049, incorporated by reference), 
it is in this case due to a self-splicing intron (Chu et al., 1985 J. Biol. Chem. 
260: 10630, incorporated by reference) and thus independent of processes 
employed in compatible cells. Therefore, in a procaryotic environment, the 
intron should remain in the mRNA as long as a self-splicing intron is not 
used. In addition, If the number of bases in the intron is a multiple of 3, the 
reading frame remains the same and a fusion protein with additional amino 
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acids derived from the intron sequence could potentially be produced. These 
extra bases may or may not change the activity of the target protein 
depending upon the nature of the extra amino acids and the insertion site 
within the protein coding sequence. A preferred mode of inactivation is the 
use a heterologous processing element that introduces a frame shift mutation 
and/or a stop codon(s). 



The present invention also provides for the introduction of genes not native 
to a cell into said cell wherein the protein products of such introduced 
gene(s) interact with and impact other proteins produced from introduced 
non-native gene(s). 



The non-native protein gene products resulting from an introduced non-native 
gene(s) can impact another non-native protein by a variety of processess 
including polymerization; activation; facilitating transport; competitive 
inhibition; allosteric interaction; chemical modification Including 
phosphorylation, dephosphorylation. methylation, demethylation, proteolysis, 



nuc 



lease activity, glycosylation; and others. 



Non-native genes can be introduced into cells as RNA, DNA or both DNA and 
RNA. Non-native genes can be introduced into a cell linked together on a 
single nucleic acid construct or introduced separately on distinct constructs. 
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Introduction of non-native genes 



into cells can be done by any of a variety of 



m 



ethods for gene delivery (reference). 



The present invention provides the following benefits: 
a) This invention has utility for the conditonal inactivation of genes when 
such genes would be lethal to the host cell or when such genes present in a 
host cell introduce a danger. Thus, genes which would be impossible to 



hich destroy bacterial cell 



clone, such as those which code for enzymes 
walls, can be inactivated by intron insertion and thus cloned in this form in a 
bacterium. Genes coding for toxic products, including tetanus toxin, risin, 
pseudomonas toxin, £, coli enterotoxins, cholera toxin and other plant, 
animal and microbial toxins, can be inac.ived and maintained stably and 
safely in an incompatible cell and activated to produce an unaltered gene 
product in a compatible cell. This has special application to cell killing gene 

therapy. 



b, The present invention provides utility for the inactivation, in incompatible 
cells, of the expression of polymerase catalysts whose expression can be 
realized in compatible cells. This has application to expression of a variety of 
gene products, either RNA or protein, under control of promoters of a variety 
of polymerases. Polymerases, native and non-native to the cell, that could 
be used in this way include RNA polymerases from T3, T7 and SP6. 
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„ THs invemion provides ,0, normally inoon.patib,e gene, to be cloned 

can be designed containing sequences ,o. the production o. T7 pron,o.er 
directed transcnpt.s, o, choice and T7 BNA po,vn,erasa. The abiiitv to Cone 
suoh genes on the ss.e nucieic acid construct rather than as separate 



CO 



nstructs provides the following benefits: 



i, The efficiency of cotransfection of the two genes is 100%. 



the case of T7 RNA polymerase and a nucleic acid seguenca for 
T7-directed transcript of choice, the entire functional unit is 

only accept inserts below a certain si.e limit as, for example, adeno 
associated virus which can only accept inserts of 4.7 Kilobases or 
below and remain functional (Muzyczka 1 992 in Current Topics in 

Microbiology and Immunology, Springer Verlag. Heidelberg, 

158;97, incorporated by reference! 



d, Another application of this invention provides for the interaction of ncn- 
native gene or its protein products in a cell where the interaction of the 
,„„oduced genes and,o, .heir gene products can yield useful intracellular 

processes for gene therapy applications. 
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,p en application of the present invention, an intron is introduced into the 
coding sequence of T7 RNA polymerase in a construct that also contains a 
T7 promoter directing the transcription of a useful gene product. As 
discussed earlier, the use of T7 polymerase for synthesis of a gene under 
control o, a T7 promoter has been accomplished in compatible cells, but 
always in the context of placing the two entities on separate constructs, i.e.. 
,he T7 RNA polymerase and the gene under the control of a T7 promoter are 
used as a two-part system. The present inyention (see Examples, describes 
the conditional inactivation of a gene (that normally does not a contain a 
processing element) by the precise introduction of an intron between the last 
,„o Q's of a site that has the post splice iunction sequence ,C/A,AGG. The 
introduction of an intron into sites with this sequence creates a functional 
.piice donor and a functional splice acceptor. Therefore, a construct with 
,.is modification should lack any expression of T7 RNA polymerase in an £ 
„/,cell. bu, the normal coding sequence can be restored from transcripts 
aner introduction into a compatible cell. This allows the construction of a 
single construct that contains both the T7 RNA polymerase and, for example, 
antisense directed by a T7 promoter, with lethality to an incompatible cell 
being ayoided by introducion of the heterologous processing element into the 
polymerase coding sequence. In a compatible cell, normal expression of the 
polymerase wil, occur but lethality should be negated by the nature of its 
environment. First, the autocatalytic cascade, due to transcription around 




the CI 
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ci... p,a..:d, .eaeve. ,o .e .espo„s..e ,c. le** of . co. wo.d 
„o. occur in .a.v trans.c.e. .a.alian ce,. fo^e. .y in.e.a^on in. *e 
„o.a, DMA. second, in ..ence o, conca.a.eHc ..e.a«on o, 

onsuuc. runo« transcHp.ion .0. *e T7 p.o.ote, pas. a T7 ...ina.o. 
.nuance ,n,o *a cp.n. sa^.ence .0, poWn^arase sHo.d p.oa.ce H.A 
..a. wouid ba translated wi.h very low e«iciencv due .0 the lacK 0, 
appropriate signals .or processing, transport and translation. 

..e san,e advantages ot tHis invent.on tHat are en.ved ,or the production o, 
polyrBerasa directed production of protein. 



Vi. I InirpiP 

..e introduction of genetic materia, into cells can .e done W two methods. 
a„v nucleic acid. The intracellular concentrations of these — that 

,„„„auction into cells of Primary Nucleic Acid Constructs which then^seWes 
do not act on cellular processes 



but which produce single stranded nucleic 
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.an e.s. . an e.tracHro.oso.a, su.e, and . can propa.ate copies o, i.se,< 
, eitne. ..e Integrated or the e.trac.ro.oso.a, state. THe nuCeic acid 

,ena expression and gene repiication. S.cH n.Ceic acids inciude 
antisense nuCeic acids, sense n.Ceic acids and transcripts that can .e 
,ans,ated into protein. T.e intraceiiuiar concentrantions o, sue. nucie.c 
acids are limited to promoter-dependent syntiiesis. 



potipitions: 

PHmarv NuCelo Acid Construct. A composition consisting ot nuCeic acd 
which in a cell propagates Production Centers. 

,oduction center is intended to cover secondary nucleic acid components 
a,e a tertiarv nucleic acid component wh.ch could he produced .rom the 



may 



he produced from the secondary nucleic acid component. 
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Propagation. The generation or formation of a Produotion Center from a 
Primary Nucleic Acid Construct or tt,e generation or formation of a 
Production Center from another Production Center. However, production 
centers cannot produce a Pnmary Nucleic Acid Construct. 



Production. The generation of a single stranded nucleic molecules from a 



Production Center. 



Inherent Cellular Systems. Cellular processes and components present in 
cells which can be utilized for the Production and Propagation as well as the 



function 



of single stranded Nucleic Acid Products. Such processes 



and 



CO 



mponents can be native to the cell, or be introduced to the cell by artificial 



means or by infection by, for example, a virus. 



The effectiveness of single stranded nucleic acids produced from Primary 
Nucleic Acid constructs is dependent on their concentration, the stability and 
the duration of production in the cell. Current methods for achieving 



intracellular concentrations are 
synthesis. 



limited by a dependence on promoter directed 



The present invention provides a novel composition construct and method 
whereby single stranded nucleic acid is produced In the cell from templates 
which are formed in the cell and derived from Primary Nucleic Acid 
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„ said can This invention further provides for a Primary Nuoieio 
Constructs in said cell. ^nre 

single stranded nucleic acid product. 

c» mpans to attain high 
one aspect o, the present invention prov,des a means 

, ,s 0. Single stranded nucleic acid through amp,i,icat,on. such 
intracellular levels of Single sir 

X ^ ^ Primarv Nucleic Acid 
■rc hv the Propagation from a Pnmary in 
amDlification occurs by tne rru^ y 



-J WovAypver, Production 
nr more single stranded nucleic ac.ds. However, 
Center one or more sinyic 



Thus, a sii 



.nifican. emhodiment of this invention concerns a compos.tion 

u-^w iinnn introduction into a 
„mpris,n. a primary nucleic acid component wh.ch upon 

. s a secondary nucleic acid component which is capable of 
cell produces a seconaary 

. nucleic acid product, or a tertiary nucleic acid component, 
producing a nucleic acta p 

. . .nd tertiary nucleic acid components and the nucleic 
both The secondary and tertiary r 

. ■ th. ormary nucleic acid component, 
acid product are incapable of producing the pr,mar, 

,- , the cell can of course be eukaryotic or prokaryotic. 
In this composition the cell can 

^\^\r arid component can comprise 
•* «r, thp Drimary nucleic acia cuihk 
In the present composition, the prima y 

. _ . - ^ — ■ - : ::: . 
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plasmid vector, a bacterium, a 



nd a bacterial fragment or combinations of any 



of these. 



„ Nuceio Acid construe, consist o, single or double stranded nucleic 
acid (or even partially double stranded, or composed of both single and 

con^bination o, RNA and DNA. The nucleic acid can be unmodified or it can 
be modified to provide desirable properties. For example, modified bases can 
be incorporated to provide nuclease resistance, interaction with inherent 
systems, cellular localization and other properties for nucleic acid 

ribed in this disclosure. Furthermore, the primary nucleic 



Cellular 



constructs as desc 



acid component can compnse 
used in combination with DNA, RNA, or both. 



nucleic acid analogs which likewise can be 



Primary Nucleic Acid Constructs can reside in the cel. integrated into 
Chromosomal DNA or as extrachromosomal entities. The Primary Nucleic 
Acid construct, as an integral part of a chromosome, can be replicated 
concomitant w.th chromosomal DNA during cell division processes or it can 
be replicated as part of an extrachrosomal element containing DNA 

for origin of replication and others. 



re 



plication elements, such as sequences 



Primary Nucleic Acid Constructs co 
Propagation of Production Centers 



ntain sequence information for the 
and for the subsequent Production of 
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Single stranded product. Thus, for this purpose, a variety o, desirable 
elements can be encoded in a Primary Nucleic Acid Construct. Production 
centers and Primary Nucleic Acid Constructs n.ay contain one or ail of these 
elements. These include regulatory elements such as promoters and 
enhancers; primer binding sites; processing elements such as intron 
seguences, poly A seguences, sequences specifying capping and termination 
sequences; sequences specifying cellular localization signal sequences with 
affinity for cellular proteins. Primary Nucleic Acid Constructs can also contain 
sequences for the synthesis of proteins which ac, to propagate Production 
Centers. For example, sequences for a nucleic acid polymerase which acts 
„ propagate a Production Center can be present in a Primary Nucleic Acid 
Construct (See Example 20 of this patent ). 

Primary Nucleic Acid Constructs can propagate Production Centers through 
the activity of nucleic acid polymerizing catalysts present as Inherent Cellular 
systems. Production Centers can be RNA, DNA or a combination of RNA and 
DNA. They can be single stranded, double stranded or contain both single 
and double stranded regions. Production Centers can propagate other 

biological activity directly or through the activity of Inherent Cellular 



Systems. 
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RNA sequences, antisense DNA sequences, ribozyme 

be translated into proteins can all be 



such as antisense 

quences and mRNAs which can 



se 



produced. Desirable properties to 



enhance biological activity can also be 



inco 



rporated. Thus, RNA processing si 



location, sequences for binding cellular proteins 
incorporated into single stranded nucleic acids products. 



gnals, sequences specifying cellular 



and other functions can be 



^3 production centers, the secondary nucleic acid component and .he tertiarv 
nucleic acid con^ponent (as well as other subsequent components, e.g., a 
.uaternarv nucleic acid component, can comprise DNA, BNA, a ONA-RNA 
hybrid, and a DNA-RNA chimera or a combination of the foregoing. 



When the above-described compositions further comprise a signal processing 
seguence, such sequences can be selected from a promoter, an initiator, a 
terminator, an intron, and a cellular localization element or a combination o, 
these, such signal processing sequences can be contained in any of the 
elements of the composition including those selected from the primary 
nucleic acid component, the secondary nucleic acid component, the nude, 
acid product and the tertiary nucleic acid or a combination of these. The 

sequence or combinations of these. Preferred as a protein binding nucleic 
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,cid sequence is a decoy .ha. binds a p.o.ein required for vira, assen^bly o, 



viral replication 



,n .hesa above-described composi.ions, producion of any componen. or 
„.c,eic acid produo. can be media.ed by a yec.or, preferred vec.ors comprise 
yira, vecors, phage vec.ors, plas^d vec.ors, as we., as combina.ions of 

these. 



The presen. oo.posi.ion can be incorpora.ed in.o a ce„ which is au.aryo.ic 
or prokarycic. The composition can be introduced either in vivo or ex vivo 

into such a cell. 

Also con.empia.ed by ,he presen, inven.ion are produCion cen.ers including 
*e secondary or .erfiary nuCeic acid co.ponen.s or .he nucleic acid produc. 
which can be produced from the composition. 



The Propagation of Production Cen.ers from Primary Nucleic Acid 
constructs, the Propagation of ProduCion Cen.ers from o.her ProduCion 
Cen<ers and .he ProduCion of single sfranded nucleic acid from ProduCion 
Cen.ers can proceed by a varie.y o, processes which derive from sequences 
presen. in these structures (as described above, and from Inheren. Cellular 
Sys.ems. inheren. Cellular Sys.ems involved in these processes include RNA 
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pclvmerases, HNA processing enzymes, DNA polymerases, Reverse 
Transcr,p,ases, Ribonuelease H, endonuCeases, exonuCeases including 
Hbozvmes, enzymes involved in nucleic acid repair, nucleic acid ligases. 

replication, .ranscription, translation, localization o, nucleic acid in the cell, 
transport o. nucleic acid, integration of nucleic acid into cellular nucleic acid 
and others. 



Elements for Propagation and Production include: 1 . single or multiple 
promoters, 2, sel, pnming processes, 3, one or more primer binding sites, 
and 4) multiple priming. 



, , Promoters for Propagation and Production can be present in one or more 
copies in a Production Center or in a Primary Nucleic Acid Construct. Such 
promoter sequences can be present in a preexisting and functional form, as, 
,or example, in a double stranded DNA Primary Nucleic Acid Construct 
introduced into a cell. Functional promoter sequences can also form 
subsequent to introduction of a Primary Nucleic Acid Construct into a cell. 
For example, a single stranded RNA Primary Nucleic Acid Construct 
containing promoter secuenceses which are non-functlona, (since they are 
present as single stranded nbonucleic acid, can be converted to functional 
promoter sequences by propagation in the cell to a double stranded DNA 
Production Center from said Primary Nucleic Acid Construct. This 
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Propagation can be achieved by the presence in the Primary Nucleic Acid 
Construct of primer binding sites, such as the HIV primer binding site for 
which lysyl tRNA acts as a primer, and reverse transcriptase as an Inherent 
Cellular Element. The generation of double stranded DNA in this way forms 
a functional promoter. 

Functional promoter sequences can also be generated by the formation of 
double stranded regions from self complementary formation in a single 
stranded Primary Nucleic Acid Construct. For example, the presence of both 
the sense and antisense sequences for a promoter and a coding sequence 
under its control can be present in a single stranded DNA Nucleic Acid 
Product or Production Center. Self hybridization of these regions of the same 
molecule can generate a functional promoter in the formed double stranded 
region of this single stranded molecule. 




CODING SEQUENCE 



5' 



2) A single stranded Primary Nucleic Acid Construct can Propagate or a 
linear single stranded Production Center can Propagate or Produce nucleic 
acids by a self priming process. In this process, the 3' end of such a 
molecule can hybridize with complementary regions located elsewhere in the 




molecule and act as a primer for the synthesis of complementary nucleic 
acid. For example, the 3'end of a linear single stranded RNA can act as a 
primer for a polymerase such as reverse transcriptase. 




5' 



3) One or more primer site sequences can be included in a Primary Nucleic 
Acid Construct or in a Product Center. Sequences for the primer binding 
site of a retrovirus, such as HIV, which utilizes lysyl tRNA as a primer, can 
be included in one or more copies in a single stranded RNA Primary Nucleic 
Acid Construct or Production Center. Lysyl tRNA is supplied as an inherent 
cellular system. In the presence of reverse transcriptase. Propagation and 
Production of complementary DNA proceeds from the primer site. 



4) Multiple priming processes can be utilized for Production and Propagation, 
For example, a double stranded Primary Nucleic Acid Construct composed of 
one DNA strand and one RNA strand can be acted upon by nucleases to 
generate limited endonucleolytic cleavage in the RNA strand. The resulting 
fragments can act as primers the production and propagation of DNA 
synthesis as catalyzed by inherent cellular processes such as reverse 
transcriptase. 
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6. U1 Ant isense System 

This invention provides a connposition of matter comprising a nucleic acid 
component which when present in a cell produces a non-natural nucleic acid 
product, the product comprising two elements: a portion of a localizing 
entity and a nucleic acid of sequence. The portion of the localizing entity is 
preferably sufficient to permit localization of the non natural nucleic acid 
product. Furthermore, the portion of the localizing entity preferably 
comprises a cytoplasmic or nuclear localization signaling sequence. 

The nucleic acid sequence of interest can comprise various forms of nucleic 
acid including but not limited to DNA, RNA, a DNA-RNA hybrid and a DNA- 
RNA chimera or combinations of these. When comprising RNA, the nucleic 
acid of sequence preferably comprises a nuclear localized RNA which may be 
complexed with protein molecules. Among such nuclear localized RNA are 
the so called snRNAs. Preferred as snRNA's are U1, or U2, or both. 

The non natural nucleic acid product can be of course single stranded and it 
may comprise variious members or forms including those selected from 
antisense RNA, antisense DNA, sense RNA, sense DNA, a ribozyme, and a 
protein binding nucleic acid sequence. As described elsewhere, such a 
protein binding nucleic acid sequence preferably comprises a decoy that 
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binds a protein involved or required for viral assembly or replication. In 
another aspect of the present composition, the non natural nucleic acid 
product comprises antisense RNA or antisense DNA and the portion of the 
localizing entity comprises a nuclear localization signalling sequence. In yet 
another aspect of the composition, the non-natural nucleic acid product 
comprises antisense RNA or antisense DNA and the portion of the localizing 
entity comprises a cytoplasmic localization signalling sequence. Still yet 
another aspect concerns the composition wherein the non-natural nucleic 
acid product comprises sense RNA or sense DNA and the portion of a 
localizing entity comprises a cytoplasmic localization signalling sequence. 

As described elsewhere the nucleic acid component can take various forms, 
e.g., a nucleic acid, a nucleic acid construct, a nucleic acid conjugate, a 
virus, or fragment, a viroid, a phage, a plasmid, a vector, a bacterium, or 
fragment, as well as any combination of these. Such nucleic acid can 
comprise DNA, RNA, a DNA-RNA hybrid and a DNA-RNA chimera and 
combinations thereof. The nucleic acid can be modified; the cell can be 
eukaryotic or prokaryotic. The production of nucleic acid product is mediated 
by a vector such as a viral vector, a phage vector, or a plasmid vector or 
such combinations. 

As described elsewhere the present combination can be incorporated or 
delivered into a cell which can be eukaryotic or prokaryotic. Introduction into 
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the cell can be ex vivo or in vivo. The present invention also contennplates 
biological systems (an organism, an organ, a tissue, a culture) containing the 
cell into which the composition has been introduced. 

The present invention further contemplates a process for localizing a nucleic 
acid product in a eukaryotic cell. In this process, the above-described 
composition of matter would be provided and appropriately introduced into a 
eukaryotic cell or a biological system containing such cell. The 
characteristics of the localizing entity portion, the nucleic acid product, 
methods, ex vivo and in vivo introduction in this process are all as described 
above. 

The present invention describes a method and composition for utilising 
snRNAs as carriers for antisense RNA while retaining the advantageous 
features of snRNA for nuclear localization. The present invention utilizes 

w 

removal of sequences from snRNA and their replacement with desirable 
sequences such as antisense or sense sequences. 

The correct choice of the site for replacement of a portion of the snRNA 
sequence should not alter the stability and nuclear reimportation features. 
Digestion of a clone of the human U1 operon with Bel I and Bsp E II (Figure 
41) eliminates a sequence of 49 bases involved in the formation of the A and 
8 loops formed by U1 RNA (Figure 41). Removal of this sequence thus both 
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makes room for the addition of foreign sequence and eliminates binding of 
some snRNP proteins tjius enabling the foreign sequence to be available for 
antisense inhibition free of potential steric hindrance by bound proteins. 
Elimination of the A and B loops should still allow formation of the C and D 
loops which are important for maintaining the re-importation signal (Figure 
41). The continued presence of this secondary structure at the 3'end as well 
as binding of splicesome proteins should also have the effect of maintaining 
the stability of the RNA. 

This invention should be applicable to other species of snRNA including U2. 

U1 constructs prepared as described for this invention can be delivered to 
cells as all or part of nucleic acid constructs by any of several methods 
applicable to gene delivery. 

7. Multi-Cassette Constructs 

The present invention, which has application to gene therapy, is a Nucleic 
Acid Entity which, when introduced into a cell, directs the synthesis of more 
than one specific entity from a separate functional unit, or cassette. The 
synthesis of each product entity is initiated from its own initiator signal in a 
cassette. Multi-targeting can be achieved by inclusion of independent 
cassettes in a single Multi-Cassette Construct. The advantages of a Multi- 
Cassette are: 
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) Each entity is formed independently from other entities and the total 
ber of ^feettet entities will be a summation of the products generated in 



num 

the cell by each initiation site. 



b) Interaction with a target by an independently generated product entity 
should have no effect upon the activity of other independently generated 
product entities. 



c) An integration event that disrupts expression from one cassette should 
have no effect upon other cassettes in the construct. 



d) Each product entity present in a construct can be directed to a different 
intracellular locus by use of appropriate signals for either nuclear or 
cytoplasmic localization. In situations where product entities acting in the 
nucleus are combined in the same construct with entities acting in the 
cytoplasm, the application of Multi-Cassette Constructs allows independent 
synthesis of the two entities, thereby allowing each to accumulate at its 
most effective site of action. 
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This invention provides a nucleic acid component which upon introduction 
into a cell is capable of producing more than one specific nucleic acid 
sequence. Each such specific sequence so produced are substantially 
nonhomologous with each other and are either complementary with a 
specific portion of a single-stranded nucleic acid of interest in a cell or are 
capable of binding to a specific protein of interest in a cell. 



,n this component, the single stranded nucleic acids of interest can be part of 
the same polynucleotide sequence or part of different polynucleotide 
sequences. The single stranded nucleic acids of interest can comprise viral 
sequences. The present nucleic acid component can be derived or selected 
from any of nucleic acids, nucleic acid constructs, nucleic acid conjugates, a 

. fragment, a phage, a plasmid, a bacterium, or fragment, a vector 
(Viral, phage, plasmid), as well as any combinations of these. The nucleic 
acid can comprise DNA, RNA, and nucleic acid analogs (or combinations 
thereof). The DNA and RNA can be modified. 



virus 01 



In addition, the nucleic acid component can comprise either more than one 
promoter or more than one initiator, or both. Furthermore, the specific 
nucleic acid sequence products can be produced independently from either 
different promoters, different initiators, or combinations of both. Still further, 
the specific nucleic acid sequence products can be either complementary to a 
viral or cellular RNA or bind to a viral or cellular protein or a combination of 
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can 



such things. The complementary specific nucleic acid sequence products 

be capable of acting as antisense. The viral or cellular protein can 
comprise a localizing protein or a decoy protein which are described 
elsewhere. Such localizing proteins preferably comprise a nuclear localizing 
protein or a cytoplasmic localizing protein. Specific nucleic acid sequence 
products can comprise antisense RNA, antisense DNA, a ribozyme, and a 
protein binding nucleic acid sequence or a combination of the foregoing. 



The nucleic acid component can further comprise a means for delivering the 
component to a cell containing the nucleic acid of interest or the specific 
protein of interest. Such delivering means are known in the art as well as 
described elsewhere in the disclosure. 



The Multi-Cassette Constructs can be prepared as RNA or DNA. The nucleic 
acid can be delivered to the cells as modified or unmodified nucleic acid or as 
modified or unmodified RNA or DNA complexed to proteins, lipids or other 
rriolecules or as modified or unmodified RNA or DNA as components of 
pseudo virions, bacteriophage or other viral delivery systems. 



Multi-Cassette constructs can be delivered to target cells by methods 
commonly used for gene transfer as described in this application. 
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The presence of independent synthesis units, i.e.. cassettes, in a Multi- 
Cassette Construct provides versatility for the presentation of product 
entities to the cell through the choice of product entities, synthesis initiator 
signals and other elements. A Multi-Cassette Construct can be designed to 
code for a variety of product entities. Thus, cassettes can be designed to 
code for synthesis of RNA, DNA or protein and such cassettes can be 
assembled in various combinations in a single Multi-Cassette Construct. 



Elements can be incorporated into each cassette to regulate the 
independently and differentially, if desirable the synthesis, character and 

and activity of the product entity in the cell. Such elements include 
the type of promoter, enhancer sequences, RNA processing elements such as 



nature 



intro 



ns, cellular localization elements such as nuclear or cytoplasmic 



localizaton signals and poly A addition signals to provide for addition of poly- 



A to mRNA. 



Useful product entities produced by each cassette include antisense RNA, 
sense RNA, ribozymes antisense DNA, nucleic acid sequences which bind 
protein molecules such as decoys which bind proteins required for virus 
replication: enzymes; toxin molecules; proteins which act in cellular 
localization of RNA and protein molecules; DNA polymerases; reverse 
transcriptases; RNA polymerases and nucleic acid sequences under control of 
cognate promoters for such RNA polymerases; proteins which impart viral 
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resistance to a cell (such as interferons); antibodies and/or fragments thereof; 
proteins which arrest cell division ; proteins which localize in the ce 
membrane including cellular receptors for viruses, hormones, growth factors 
and other agents which interact at the cell surface; 

.rjill^ product entities can be controlled by the choice of 

promoter or initiating element. Thus, a cassette can be designed which 
contains sequences for a product entity whose synthesis is under control of 
an inducible promoter providing for temporal synthesis of product entities. 
This provides advantages to applications wherein, for example, constant 
production of the product entity would have deleterious effects for the host 
cell or organism, but whose short term effects are beneficial. For example, 
induction of a product entity which arrests cell division processes can impart 
to the cell virus resistance where virus replication is dependent on such 

llular processes. In order to restore the cellular processes at a later time, 
induction can be terminated. Induction can be mediated by use of promoters 
which can be induced by small molecules such as antibiotics, hormones and 
heavy metals such as zinc. Alternatively, in cases where constant 
production of a product entity or entities is beneficial, a promoter not subject 
to induction can be utilized. 



ce 



Promoters can also be chosen on the basis of their efficiency. In cases 
where high levels of product entities are required promoters which initiate 



.110- "^^^PJhorney's Docket Enz.53 



transcription at a high frequency can be utilized. Alternatively, when lower 
levels of product entities are desirable less efficient promoters can be used. 



Independently synthesized product entities produced from the same Multi- 
Cassette Construct can act at the same target site. For example, in order to 
increase effectiveness, a series of antisense RNA product entities directed at 
a viral nucleic acid target site which demonstrates sequence variability, such 
as one of the highly variable regions of the nucleic acid of HIV, can be 
designed to include the predominantly occuring sequences encountered in the 
wild type HIV population. 



Independently synthesized product entities produced from the same Multi- 
Cassette Construct can also act at separate target sites. For example, an 
RNA antisense transcript can be directed at mRNA coding for a particular 
gene product and a different antisense transcript can be directed against an 
m RNA coding for another gene product. 



g. "^'m^ Resistance 

The present invention involves the use of agents that in vivo act to increase 
resistance to viruses by gene therapy by interfering with virus-cell interaction 
and thus enhancing antiviral gene therapy in the cell. The interaction of 
regions on viruses with specific sites on the cell surface, i.e., virus-ce 
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interaction, and the susceptibility of extracellular virus to immunological 
agents provide the basis for supplemental treatment. Agents that act by 
these means to decrease the effective levels of virus would provide benefit 
for gene therapy treatments utilizing antisense. 

As a supplement to gene therapy, the above agents can be administered to 
the patient either prior to, concurrently or after a gene therapy procedure by 
Intramuscular, intravenous, intraperitoneal, by inhalation or other appropriate 
means. 

Examples of agents that can interfere with the interaction of a virus and a 
target cell include: 

a) agents such as antibodies to viral epitopes and cellular proteins which 
bind viruses. An example of the latter are cellular receptors recognized by 
viruses, as, for instance the CD4 receptor that is recognized by HIV. 

b) agents that stimulate the production of entities that complex with viruses. 
These include adjuvants that enhance immunological responses which can be 
used as a general stimulant and viral antigens that can be used to induce a 
specific response; 
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c) agents that bind to a target cell and compete with or otherwise slow the 
entry of a virus into a cell. Viral proteins, such as the gp124 protein for HIV, 
that are involved in cell binding could be used in this way. Antibodies to viral 
proteins can also act in this way. 

In the practice of this invention, additional enhancennent can be achieved by 
the further administration of small molecules such as protease inhibitors or 
nucleoside analogues. The additional treatment can be either applied prior to, 
after or concurrently with application of the present invention. The current 
invention has application to the treatment of virus infections and infections 
by other intracellular pathogens. 

Thus, the present invention provides a process for increasing cellular 
resistance to a virus of interest. The process comprises two steps. First are 
provided transformed cells phenotypically resistant to the virus; and a 
reagent capable of binding to the virus or to a virus-specific site on the cells. 
Second, the reagent is administered to a biological system containing the 
cells to increase the resistance of the cells to the virus of interest. 

The biological system can comprise an organism, an organ, and a tissue or 
combinations thereof, viral resistant cells can be eukaryotic or prokaryotic. 
Such cells can further comprise a nucleic acid sequence selected from 
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antisense RNA, antisense DNA, sense RNA, sense DNA, a ribozyme, and a 
protein binding nucleic acid sequence or combinations thereof. 



The virus binding reagent can take various forms including but not limited to 
an antibody, a virus binding protein, a cell receptor protein and an agent 
capable of stimulating the production of a virus binding protein or 
combinations thereof. The antibody can comprise of course a polyclonal or 



mo 



noclonal antibody which can be specific to an epitope of the virus of 



interest. The virus binding protein preferably comprises a CD4 receptor; the 
cell receptor protein preferably comprises a gp24 protein. In addition the 
production stimulating agent is selectable from an immunological response 
enhancing adjuvant and a viral antigen or both. 



The reagent can be administered in vivo or ex vivo to the cells. Moreover, 
the process of the instant invention can further comprise administering an 
additional viral resistance enhancing agent, e.g., a protease inhibitor, a 
nucleoside analog, or both. 



In carrying out the present process the additional viral resistance enhancing 
agent can be administered before, after, or at about the same time that the 
binding reagent is administered. 



."114- "^^^■fttorney's Docket Enz.53 



Also contemplated by this invention are biological systems with increased 
viral resistance, such resistance having been obtained by any of the 



processes 



described above. 



9 nislocation 

The present invention is a novel method of altering the concentration of 
cellular products in a cellular location by the introduction of a construct that 
produces a product, the dislocaton agent, which acts to transport cellular 
entities from one cellular locale to another. The dislocation agent contains a 
specificity or affinity domain by which the diJdckki a^ent binds the cellular 

/ 

entity. Dislocation of the cellular entity is mediated by the bound dislocation 
agent. The resulting co-localization transports the cellular entity to a cellular 
location that is different from its functional location. 



In contrast to previous work (Izant and Sardelli, 1 988, Gotten and Birnstiel, 
1989, the contents of both publications incorporated herein by reference), 
which sought to localize the genetic products of their constructs to a cellular 
location favorable for antisense activity, the present invention acts to disrupt 
a viral or cellular process by dislocation of macromolecules involved in the 
viral or cellular processes. Thus, due to the presence of an affinity domain 
on the dislocation agent, a target molecule will be bound and then 
transported to a cellular location determined by the dislocation agent. 
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The application of this invention is through the introduction into cells of 
nucleic acid constructs which contain sequences for the expression of RNA. 
The RNA, acting as the dislocation agent, can itself contain sequences for 
an affinity domain and can transport cellular nucleic acid molecules or 
proteins to cellular localizations where they are not normally present. 
Alternatively, the RNA can bind a targent RNA molecule and chaperone it to 
another cellular location where it can't function by the binding of a protein 
which transports the RNA dislocation agent and its hybridized target RNA to 
an unnatural cellular location. Also the RNA can contain a sequence that 
when translated yields a protein dislocation agent with an affinity domain. 



In the current invention, active steps are taken upon the interaction of the 
target with the dislocation agent. Examples of where this might be useful 
are RNA molecules that contain signals specifying transport from the 
cytoplasm into the nucleus. Binding of such an RNA dislocation agent to a 
cytoplasmic RNA or protein would lead to co-localisation of the target into 
the nucleus. These transported entities would be unable to function due to 
their presence in an unnatural cellular location. In a similar way, a protein 
dislocation agent with an affinity domain for a particular RNA sequence or fo 
another protein can be designed such that it also has a nuclear localisation 
signal present in its sequence. In this way a target entity, normally present 
in the cytoplasm, would be localised in the nucleus. 
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This invention provides a nucleic acid construct which when introduced into 
a cell produces a non-natural product. The non natural nucleic acid product 
comprises two components: a binding component capable of binding to a 
cellular component; and a localization component capable of dislocating the 
cellular component when bound to the product. The product from this 
construct can comprise a protein or a nucleic acid or both. The protein can 
comprise an antibody, e.g., a polyclonal or monoclonal antibody, such as one 
directed to a cellular component inside the cell. Such cellular components 
can comprise any of the following including but not limited to a nucleic acid, 
a protein, a virus, a phage, a product from another construct, a metabolite 
and an allostearic compound, or combinations thereof. When comprising a 
protein the cellular component can comprise a viral or non-viral enzyme, a 
gene suppressor, a phosphorylated protein, e.g., an oncogene, or 
combinations thereof. 



The binding component of the product produced from the present construct 
is selectable from a nucleic acid, a protein and a binding entity or 
combinations thereof. The nucleic acid can comprise a sequence selected 
from a complementary sequence to the cellular component and a sequence to 
a nucleic acid binding protein or combinations of both. The protein is 
selectable from an antibody, a receptor and a nucleic acid binding protein or 
combinations thereof. The binding entity is capable of binding metabolites. 
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The localization component is selectable fronn a nuclear localizing entity, a 
cytoplasmic localizing entity, and a cell membrane localizing entity or a 
combination thereof. The localizing component in the present construct can 
comprise a member selected from a nucleic acid sequence, a nucleic acid 
structure, e.g., a stem and loop structure and a peptide or oligopeptide, or 
combinations of the foregoing. 

The present invention further provides a process for dislocating a cellular 
component in a cell. In this process there are provided a nucleic acid 
construct which when introduced into a cell produces a non-natural product, 
which product comprises two components. First, there is a binding 
component capable of binding to a cellular component; and second, a 
localization component capable of dislocating the cellular component when 
bound to the product. The nucleic acid construct is introduced into a cell of 
interest or a biological system containing the cell or cells of interest. 

The following is a list or summary of candidate pairs offered for illustration if 
not by way of limitation. Potential pairs of relocation agents and their 
targets are presented. 

An application of the present invention for the dislocation of cellular 
macromolecules is the use of a nucleic acid construct that contains a nucleic 
sequence for a U1 snRNA molecule in which a portion of the U1 sequence 
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has been substituted with a sequence unique to a portion of the HIV genome 
(described previously). In this case the U1 RNA in association with snRNP 
proteins acts as the dislocation agent and the HIV anti-sense sequence 
represents the affinity domain. The return of U1 to the nucleus, as part of 
normal cellular processing of U1, while hybridized to target HIV mRNA 
dislocates the HIV RNA and makes it unavailable for translation in the 
cytoplasm. 

Another application of this invention utilizing U1 RNA is the substitution of 
HIV packaging signal sequences for a portion of the U1 sequence. 
Introduction of the substituted U1 as part of a nucleic acid construct used to 
transfect cells, provides for the synthesis of a dislocation agent containing 
the U1 RNA sequences and the HIV packaging sequence signals as the 
affinity signal. The dislocation agent in this case binds to essential HIV 
proteins responsible for forming virions and transports them from the 
cytoplasm to the nucleus, thereby inhibiting the packaging of viral RNA. 

Another application of present invention is the use of a nucleic construct 
which produces an RNA molecule which contains sequences specific for 
splice junctions of HIV RNA as the affinity domain and sequences for the Rev 
Responsive Element (RRE) of HIV as an affinity domain for binding to HIV 
Rev protein molecules which acts as the dislocation agent. In HIV-infected 
cells, the Rev protein dislocation agent binds to RRE sequences on the RNA 
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which is in turn bound to the splice junction of the HIV RNA. The complex 
would be transported by the Rev protein to the cytoplasm where the 
unspliced HIV mRNA would be non-functional. 



Another application of the present invention is the use of RNA signals for the 
dislocation of proteins essential for virus replication. The HIV Rev protein is 
found principally in the nucleolus. However, in the presence of RNA 
containing RRE sequences, the Rev protein is found principally in the 
cytoplasm. Therefore, the presence of a nucleic acid construct containing 
sequences for the cellular producton of an RNA dislocation agent containing 
RRE sequences would actively remove the Rev protein from the nucleus and 
induce its relocation in the cytoplasm where it would be unavailable for 
transport of viral RNA. Here the RRE sequences in the transcripts act as the 
affinity domain. 



The many examples which follow are set forth to illustrate various aspects of 
the present invention, but are not intended to limit in any way the scope of 
the invention as more particularly set forth in the claims below. 
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pFfiHRIPTIQIM nF THE PR FFERRED EMBODIMENTS 



Eixamples 



Fxamole 1 Preparation of a two segment CHENAC in which the Ligands and 
Chemical Modifications are Localized in One Region of One Segment. 



(i) Description of construct 

A construct is prepared from one unmodified strand segment and a modified 
primer segment (Figure la). The unmodified single-stranded circle is derived 
from a plasmid that contains the desired sequences for biological funtion and 
it also contains an F1 packaging signal. (Plasmids of this nature are available 
from a variety of commercial sources.). An E. coli host containing this 
plasmid is infected with Ml 3 helper phage to obtain single-stranded DNA 
packaged into phage particles. DNA can then be prepared by a variety of 
commonly used procedures. The oligomer primer is synthesized with an 
allylamine phosphoramidite (prepared by the method of Cook et a!., 1988) 
and then modified with tri-lactyl lysyl lysine as described below. The 
unmodified segment contains a sequence complementary to the modified 
primer segment. After exposure of the construct to the target cells, the 
galactose moieties provide binding to their natural receptor and transport the 
complex into the cell, in the present example, the primer is extended by 
DNA polymerases in the cell to convert the construct to double-stranded 
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form. (Figure lb) which allows the construct to express sequences specifying 
biological function in the unmodified region of the CHENAC (designated by 
the solid black region in Figure lb). In this example the biological function 
region of the construct is separated from the region bearing the ligands and 
chemical modifications. 



(ii) Preparation of Lactyl isothiocyanate 

p-Nitrophenyl-B-D lactopyranoside (Toronto Research Chemicals, Inc. Catalog 
# N50385) is converted into p-!sothiocyano-(S-D lactopyranoside by the 
method described by Rafestin et al. (FEBS Letters 4Q 62-66, 1 974). 



(iii) Preparation of trilactyl derivative 

0.7 g LysylLysine dihydrochloride (Sigma Chemicals) is dissolved in 30 ml of 
H2O. 4 g of p-lsothicyano-B-D lactopyranoside (approximately 8 mMoles) 
from step (i) is added and the reaction is stirred for 4 hours at room 
temperature. During this time the pH of the mixture was adjusted to 9.0 and 
maintained at that value by the addition of 0.2M NaOH. At the end of the 
reaction, the volume is adjusted to 500 ml with HjO and loaded onto a 
DEAE-DE52 cellulose column (previously adjusted to pH 9.0 and then 
equilibrated with 0.05 M TRIS buffer, pH 9.0). Unreacted LysylLysine 
remained unabsorbed to the column and is removed by washing the column 
with 0.01 M LiCI. The product is eluted with 0.1 M LiCI and the fractions 
from the column are analyzed for UV absorbance at 260 nm. The peak is 
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collected and the H2O evaporated under vacuum. The dry residue is 
triturated with an ethanol/ether (3:1) mixture to remove the LiCl, leaving a 



so 



lid product. The yield of tri-Lactyl-LysylLysine is approximately 80%. 



(iv) Activation of tri-Lactyl-LysylLysine 

0.5g of tri-Lactyl-LysylLysine (0.25mMoies), prepared in step (iii), is 
dissolved in 30 ml of dry Dimethylformamide. 1 g of N-Hydroxy-succinimide 



IS 



added, followed by 50 mg of Dicyclohexylcarbodiimide. The reaction is 



allowed to proceed overnight at room temperature. The following day it is 
evaporated under vacuum. The residue is triturated two times with 25 ml of 
isopropanol for 30 minutes each at room temperature to remove unreacted 
Dicyclohexylcarbodiimide and the excess of N-Hydroxysuccinimide. The 
product is then washed over a filter with absolute ether, the ether removed 
and the product used without any further purification. 



(v) Lactosylation of the nucleic acid portion 

Img of an oligomer designed to be the primer shown in Figure 1 is dissolved 
in 4 ml of 0.7M LiCI, 0.1 M bicarbonate buffer (pH 7.8). 20 mg of tri-Lactyl 



LsylLysine active ester (an approximately 10-fold excess of the reagent 
compared to the number of allylamine groups) prepared in step (iii) is 
dissolved in 1ml of Dimethylformamide and added and the mixture was 
stirred for 6 hours at room temperature. The mixture is evaporated under 



vac 



uum and subsequently dissolved in 1 ml of HjO. The solution is 
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centrifuged to remove insoluble material and the supernatant was subjected 
to G50 column chromotography and the DNA fractions combined. 



Fyamole 2 A double-stranded version of EXAMPLE 1 

The construct described in Figure la from EXAMPLE 1 is again used but prior 

the DNA to the target cells, the primer is extended in vitro by the 



to exposing 



action of Klenow enzyme (Klenow fragment of DNA polymerase l)^o convert 
the construct into the completely double-stranded DNA molecule in' 
Figure lb. Primer extension is performed under appropriate conditions to 
id strand displacement, for example by carrying out the synthesis at 1 4°C 
that the newly synthesized strand stops at the position of the 5' end of 



avo 



so 



the primer. 



Fy^mole 3 Preparation of a two segment CHENAC in which one segment 

has dispersed ligands and chemical modifications. 



(i) Description of the construct 

A construct is prepared from an unmodified strand segment and a modified 
primer segment (Figure 2). The modified segment is a DNA oligomer 
prepared by chemical synthesis such that it contains allylamine deoxyuridine 
bases as described previously. Peptides are synthesized that contain 



sequences for a) a fusogenic peptide derived from influenza (Lear and 
DeGrado, 1987, J. Biol. Chem. 201: 6500 ) and b) a peptide promoting 
localisation to the nucleus of a cell (Kalderone et al., 1984, Cell 12: 499). 
The peptides are joined to the allyl amine moieties by the procedure given 
below. The modified primer is complementary to a region in the unmodified 
segment. The primer is hybridized to the unmodified segment, and extended 
by Klenow enzyme in the presence of a nucleoside triphosphate mixture 
containing lactyl-deoxyuridine triphosphate precursors (described below) 
using the sequence of the unmodified segment as template. Synthesis 
(polymerization) of the nascent strand is performed at 14°C, so that 



extens 



ion stops at the position of the 5' end of the primer (Figure 2b). 



(ii) Synthesis of peptides for addition into the DNA primer 
The sequence coding for the Fusogenic Peptide (Gly-Phe-Phe-Gly-Ala-lle-Ala- 
Gly-Phe-Leu-Glu-Gly-Gly-Trp-Glu-Gly-Met-lle-Aia-Gly) and the sequence 
coding for the Nuclear Localisation Peptide are synthesized chemically with 
an additional cysteine group added onto the carboxy terminus of each. 



(iii) Addition of peptides to allylamines 

The allylamine modified nucleic acids are reacted with a 10-fold excess of 3 
maleimidopropionic acid N-Hydroxy succinimide ester in 0.7 M LiCI, 
bicarbonate buffer (pH 7.9) and incubated at room temperature for 40 
minutes. At the end of the reaction, the pH is adjusted to 6.0 with acetic 
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acid. The unreacted NHS ester (and its hydrolysis product) are removed by 
extraction with n-butanol two times. The DNA is precipitated with 4 
volumes of Ethanol at -70°C. The pellet is then resuspended in 0.1 M sodium 
acetate buffer (pH 6.0) in a minimum concentration of 1 mg/ml. The 
derivatized DNA is mixed with the desired amount of thiol-containing 
fusogenic and nuclear localisation peptides from step (ii) and reacted at room 
temperature for 6 hours. The unreacted maleimido residues on the DNA are 
quenched by the addition of IS-mercapto-ethanol. 



iv) Synthesis of Lactyldeoxy DTP 

lO^moles allylamino deoxyUTP (Enzo Biochem, Inc.) are dissolved in 6 ml of 
0.7M Lithium Chloride, 0.2M sodium bicarbonate, pH 7.8 and mixed with 
20nmoles of the lactyl-isothicyanate (described previously) dissolved in 2 ml 
of Dimethylformamide. The mixture was reacted for 40 minutes at 25°C and 
then diluted to 100 ml with distilled water and loaded onto a 100 ml bed 
volume DEAE Sephadex A25 column. The column was washed with 100 ml 
0.05 M triethylammonium bicarbonate buffer (pH 7.8) and the product was 
eluted with a linear gradient of 0.05 M -0.6 M triethylammonium bicarbonate 
buffer (pH 7.8). The fractions with maximal UV absorbance at 290 nm 
were collected and the triethylammonium bicarbonate was removed in vacuo 
in the rotary evaporator at 35°C. The solid residue containing the 
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lactyldeoxy UTP is dissolved in 10 mlVI tris buffer pH 8.0 and used as a 
substrate for DNA polymerase. 



Fxample 4 Preparation of a two segment CHENAC in which one segment 

has dispersed llgands and chemical modifications incoporated by 
ribonucleotide moieties. 
A single-stranded DNA construct is derived as described in Example 1 . A 
second strand made up of RNA is made by incubation of the DNA template 
with RNA polymerase and a mixture of ribonucleotides according to the 
method described in Stavrianopoulos et al. (1972, Proc. Nat. Acad. Sci. OR: 
2609). Two types of modified ribonucleotides are included in this mixture; 
lactyl-UTP and allylamine UTP. The allylamine UTP is commercially available 
(ENZO Biochem, Inc.) and the lactyl-UTP is synthesized as previously 
described for the lactyl-deoxy-UTP in Example 1 except the ribo derivative of 
allylamine UTP is used as the starting material. After the RNA strand is 
synthesized, it is separated from the DNA template strand by melting and 
then the the allyamine nucleotides were modified further by the addition of 
fusogenic peptides as described previously in Example 3. The strands were 
then allowed to reanneal to form the final structure shown in Figure 3. 



Fxamole 5 Preparation of a Three Segment CHENAC Containing a Modified 

Single Stranded Tail. 
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(i) Description of the construct 

This construct is prepared from two unmodified complementary DNA 
segments (Segments 1 and 2) and a modified DNA segment (Segment 3). 
Segment 1 and Segment 2 are hybridized together to form a gapped circle 
with the gapped region being complementary to Segment 3. The final 
assembly of these segments are shown in Figure 4. The methods for 



ere 



ating the individual components and assembling them into the final 



construct are given below 



CO 



(ii) Preparation of the gapped circle 

a) Segment 1 is prepared from plasmid DNA as described previously in 
Example 1 . However, in this particular example, the starting plasmid 

ntains the F( + ) packaging signal. Since single-stranded DNA is not a 
suitable substrate for most restriction enzymes, a small portion of the circular 
single-stranded DNA is transformed into double-stranded form by 
hybridization with an oligo that is complementary to an appropriate restriction 
site. In this example, the restriction enzyme is Sma I and the oligo has been 
modified by the inclusion of biotinylated nucleotides (Cook, et al. 1988) at 
the ends. After digestion, the Sma I digested duplex DNA is destabilized and 
the biotinylated oligo has a much lower affinity. Purification of the cleaved 



sinqle-st^anded linear DNA is achieved by passing the digest over a 
*" ' column* and collecting the material that does not bind. 
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b) Segment 2 is prepared by preparation of two complementary 
olgonucleotides (GAP- 1 and GAP-2) and hybridizing them together to form 
an unmodified double stranded oligonucleotide whose sequence will 
constitute the gap in the construct. The starting plasmid is the same one 
that was used to make Segment 1, except it contains the F(-) packaging 
signal. The introduced oligonucleotide (GAP-1 /GAP-2) contains terminal 
restriction sites for the restriction enzyme Sma I in order to facilitate its 
insertion by restriction digestion and ligation. After cloning of a plasmid with 
the oligonucleotide inserted into the proper site, circular single-stranded 
Segment 2 DNA is obtained as shown in Figure 5. 

c) Segments 1 and 2 are annealed together to form a gapped circle where 
the single-stranded region contains the GAP-2 sequence. The overall process 
of steps ii-a, ii-b and ii-c are shown in Figure 5 

(iii) synthesis of Segment 3 

Segment 3 is prepared by synthesizing an oligomer similar to GAP-1 which 
differs from this oligomer in not having the Sma I sites added onto the end 
and also by being synthesized with allylamine moieties. After synthesis of 
the oligomer, the allylamine-modified nucleotides are further modified by the 
addition of the trilactyl lysyl lysine derivative as described previously. 
Segment 3 was processed further by the steps given below. 
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(iv) Addition of modified 3'taii to Segment 3 

1 mg of the iactosylated oligomer (Segment 3) is dissolved in 10 ml of a 
reaction mixture containing 0.2 M cacodylate (pH 6.8), 1 mM 
deoxythymidine Triphosphate, 0.3 mM allylamine-deoxyuridine triphosphate, 
ImiVl cobalt chloride, 1 mM U-mercaptoethanol and 40,000 units of terminal 
transferase. The mixture is incubated for 2 hours at 35°C and stopped by 
the addition of EDTA. Enzyme is removed by absorption to a 
phosphocellulose column at pH 6.0 and the flow-through is collected, 
precipitated with ethanoi and redissolved in 2ml of 0.1 mM EDTA. The final 
product has a poly-dT tail with approximately 1/4 of the bases containing 
allylamine groups. Fusogenic peptides are then added onto the allylamine 
moieties as described previously. 



(v) Final assembly 

The final construct shown in Figure 4 was formed by the hybridization of the 
gapped circle created in step (ii-c) with the tailed oligomer created in step (iv) 
through the complementary of the GAP-1 and GAP-2 sequences. 



Example 6 Preparation of a Three Segment CHENAC Containing an 

Unmodified Single Stranded Tail capable of hybridizing to 
homopolymers containing Ligands. 
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This construct was created in the same naanner as the construct described in 
Example 5, except that after synthesis of the oligomer for Segment 3, the 
fusogenic peptide was added to the allylamine derivatives instead of the 
lactyl derivatives and the synthesis of the 3' tail was carried out in the 
presence of unmodified dATP. As in the previous example, Segment 1, 
Segment and Segment 3 were assembled together to make a double 
stranded circle with a 3' single-stranded tail. However, as shown in Figure 6 
a further step was added in which segment 4 was added to the complex. 
This segment was formed by extension of a Thymine tetranucleotide with 

Terminal transferase in the presence of a mixture of TTP and the lactyl-dUTP 

in a ratio of 3:1 using the same conditions described previously. 

Hybridization of Segment 4 to the complex results in the final construct 

shown in Figure 6. 



Fxamole 7 Construction of an RNA derived CHENAC 
A construct is made with the appropriate structure shown in Figure 7. 
Transcription is carried out in vitro by use of a T7 promoter directing the 
synthesis of the sequences of interest. The transcript contains a) sequence 
A B, which represents a sequence complementary to a lactylated DNA primer 
(prepared as described previously), b) sequence C D which represents a CMV 
promoter for directing synthesis of a transcript in vivo, c) sequence E F 
which represents a sequence for biological function which will be expressed 
after transcription by the CMV promoter and d) sequence G H which is 
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designed such that its complementary sequence will be a primer binding site 
similar to the one used by HIV to bind a cellular tRNA'^^ as a primer for 
reverse transcriptase. After transcription of the RNA in vitro, the modified 
primer is annealed to the RNA to form the complex shown in Figure 7. This 
complex could be used either in vivo, ex vivo or in vitro to bind the RNA to a 
target cell through a ligand/receptor interaction. After endocytosis, some 
portion of the the RNA should be available in the cytoplasm for further 
processing and activity. Figure 8 shows the pathway that would occur in the 
presence of reverse transcriptase activity. This activity can be provided 
either by targeting a cell that has this activity already present (either 
intrinsically or due to a retroviral infection) or by introducing it by any of a 
variety of means known to those skilled in the art. The end result of the 
steps shown in Figure 8 is a double stranded linear piece of DNA which will 
be capable of producing transcripts that provide a desirable biological 
activity. 

Example 8 Construction of an RNA derived CHENAC with multiple primers 
A construct is made with the appropriate structure shown in Figure 9. 
Transcription is carried out in vitro by use of a T7 promoter directing the 
synthesis of the sequences of interest. The construct in this example is 
similar to the one described in Example 8 except that it is intended to 
produce an RNA that will be annealed with multiple primers rather than a 
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single modified primer. One or more of these primers can be modified. In 
the present example, the transcript contains a) sequence A B, which 
represents a sequence complementary to a lactylated DNA primer (prepared 
as described previously), b) sequence C D , which represents a sequence 
complementary to a modified DNA primer that has fusogenic peptides 
attached (prepared as described previously) c) Sequence E F, which is an 
unmodified primer d) sequence G H which represents a CMV promoter for 
directing synthesis of a transcript in vivo, e) sequence I J K which represents 
a sequence for biological function which will be expressed after transcription 
by the CMV promoter and d) sequence L M which is designed such that its 
complementary sequence will be a primer Binding site similar to the one used 
by HIV to bind a cellular tRNA'^^ as a primer for Reverse Transcriptase. For 
the purposes of clarity, the appended modifications are not depicted in Figure 
10. After transcription of the RNA in vitro, the primers described above are 
annealed to the RNA to form the complex shown in Figure 9. This complex 
could be used either in vivo, ex vivo or in vitro to bind the RNA to a target 
cell through a ligand/receptor interaction. The ligand modified primer will 
promote uptake of the complex and after endocytosis the fusogenic peptide 
modified primer will promote the release of the RNA from the endosomes. 
Figure 10 shows the pathway that would occur in the presence of Reverse 
Transcriptase activity. This activity can be provided either by targeting a cell 
that has this activity already present (either intrinsically or due to a retroviral 
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infection) or by introducing it by any of a variety of nrieans known to those 
skilled in the art. The end result of the steps shown in Figure 10 is a series 
of double stranded linear piece of DNA (each initiated fronn one of the 
primers from the complex formed in vitro) which will be capable of producing 
transcripts that provide a desirable biological activity. 

Example 9 Construction of a One-Segment Single-Stranded CHENAC. 
A construct is made with the appropriate structure shown in Figure 1 1 . 
Transcription is carried out in vitro by use of a T7 promoter directing the 
synthesis of the sequences of interest. The transcript contains a) sequence J 
K, which represents a sequence complementary to a lactyl lysyl lysine 
modified DNA primer (prepared as described previously) as well as sequences 
for biological function which include a CMV promoter for directing synthesis 
of a transcript, a sequence for biological function which will be expressed 
after transcription by the CMV promoter and a sequence or sequences 
complimentary to tRNA binding sites. This example differs from the two 
previous examples in that the complementary DNA is synthesized in vitro by 
using Reverse Transcriptase with the tri lactyl-LysylLysine modified DNA 
segment as a primer. The resulting RNA/DNA double stranded molecule is 
treated with Rnase H to yield a single stranded DNA CHENAC. 

This complex could be used either in vivo, ex vivo or in vitro to bind the DNA 
CHENAC to a target cell through a ligand/receptor interaction. After 
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endocytosis, some portion of the the DNA should be available in the 
cytoplasm for further processing and activity. Figure 12 shows two possible 
pathways that could occur after release of DNA into the cytoplasm. Figure 
1 2a shows a pathway similar to that seen in Figure 8 where the construct 
has been designed such that there is a single tRNA binding site at the 3' end 

of the DNA WMjfel^' "pj-inrilng and extension in vivo by cellular mechanisms 

A 

result in a single double-stranded DNA molecule. Figure 12b shows a 
pathway where the construct has been designed such that there are multiple 
tRNA binding sites at the 3' end of the ^mk^l These can either be 
identical or different tRNA species can be used. Extension from a ^4JVIA^ 
with sequence for three tRNA primers (as shown in Figure 1 2b) leads to the 
synthesis of a double-stranded DNA molecule and two single-stranded DNA 
molecules. These latter two molecules can be converted into double- 
stranded molecules if the sequence chosen for the ligand modified primer is 
also similar to a tRNA primer sequence. When the construct is designed 
such that the pathway will be similar to that shown in Figure 1 2a, the 
construct provide a transcript in which a) sequence J K represents a 
sequence complementary to the ligand modified primer b) the sequence A B 
represents a sequence for a CMV promoter c) the sequence C D E F 
represents a sequence for biological function which will be expressed after 
transcription by the CMV promoter and d) sequence G H which is designed 
such that its complementary sequence will be a primer Binding site similar to 
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the one used by HIV to bind a cellular tRNA'^' as a prinner for Reverse 
Transcriptase. When the construct is designed such that the pathway will be 
similar to that shown in Figure 1 2b, the construct provide a transcript in 
which a) sequence J K represents a sequence complennentary to the ligand 
modified primer b) the sequence A represents a sequence for a CMV 
promoter c) the sequence B represents a sequence for biological function 
which will be expressed after transcription by the CMV promoter and d) and 
sequences C D, E F and G H represent sequences that are complementary to 
. sequence will be primer Binding sites for tRNA's that can be used as primers. 
The major difference between the net result of the pathways shown in this 
example and previously described in Example 7 and Example 8 is that the 
two latter examples depended upon the in vivo presence of Reverse 
Transcriptase whereas the present example provides the Reverse 
Transcriptase activity in vitro prior to binding and uptake into target cells. 



Fxample 10 Preparation of a Double-Stranded CHENAC Containing 

Moieties on Each Strand 
A construct is made with the appropriate structure shown in Figure 13. 
Transcription is carried out in vitro by use of a T7 promoter directing the 
synthesis of the sequences of interest. The transcript contains a) sequence 
A B, which represents a sequence complementary to a lactyl-LysylLysine 
modified DNA primer (prepared as described previously), b) sequence C D 
which represents a CMV promoter for directing synthesis of a transcript in 
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vivo, c) sequence E F which represents a sequence for biological function 
which will be expressed after transcription by the CMV promoter and d) 
sequence G H which is identical to the sequence of a second modified primer 
that has fusogenic peptides attached (prepared as described previously). In 
Figure 10, the lactyl ligands are depicted by X X on the first primer and the 
fusogenic peptides are shown as Z Z in the second primer. DNA is 
synthesized in vitro by using the transcript as a template for Reverse 
Transcriptase with the tri lactyl lysyl lysine modified DNA segment as a 
primer. The resulting RNA/DNA double stranded molecule is treated with 
Rnase H to yield single stranded DNA. The second primer containing the 
fusogenic peptides is then used as a primer to prepare the complimentary 
second strand of DNA. 



This complex could be used either in vivo, ex vivo or in vitro to bind the DNA 
to a target cell through a ligand/receptor interaction. The ligand modified 
primer will promote uptake of the complex and after endocytosis the 
fusogenic peptide modified primer will promote the release of the DNA from 
the endosomes. 



pv;,mple 1 1 . A Bifunctional Binder Composed of a Bispecific Antibody 
The methods of recombinant DNA are used to prepare a bispecific antibody 
with specificities for the CD4 protein of lymphocytes and for murine leukemia 



- 1 37 - ^Ptorney's Docket Enz.53 



virus (Figure 14). The antibody is prepared from murine monoclonal 
antibodies according to the procedure of Staerz and Bevan (1985 Proc Natl 
Acad Sci USA 83; 1453) for the production of hybrid hybridomas. 



/^ nrl ^^^H y mndifications . Hydrazine groups are Introduced to antibodies In the 
carbohydrate moieties after oxidation with periodate or galactose oxidase and 
subsequent reaction with hydrazine. When galactose oxidase is used for 
antibody oxidation, it is necessary to analyze for free galactose groups as 
follows. The antibody is oxidized with galactose oxidase In the presence of a 
peroxidase. At the end of the reaction the mixture is reacted with Lucifer 
Yellow CH (Aldrich) and passed through a G50 column. If the flowthrough 
from the column fluoresces, this is an indication that the antibody contains 
free galactose residue and that the galactose oxidase can be used for 
antibody activation. 



Ten mg antibody are dissolved in 1 ml of 0.1 M acetate buffer, pH 5.0, and 
oxidized with 1.0 umole NalO^at 4°C for 30 minutes. Excess periodate is 



remov 



ed by Sephadex G50 (Pharmacia) chromatography in 0.05M acetate 
buffer, pH 5.0. The protein fractions are combined and reacted with 1 .0 
umole hydrazine acetate, pH 5.0, for 30 minutes at room temperature. The 
pH is raised to 9.0 with sodium carbonate and the contents are cooled to 0° 
and 10 umoles sodium borohydrate are added In three portions at ten minute 



interva 



Is. The reduction Is continued for an additional 60 minutes and the 
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antibody is precipitated with 55% ammonium sulfate. After 2 hr at 0° C the 
reaction mixture is centrifuged for 30 minutes at 10,000 x g. The pellet is 
dissolved in 1 ml acetate buffer, pH 5.5, and dialyzed in the cold against 
0.1 M acetate buffer, pH 5.5. 



One umole of 3-maleimidipropionic acid N-hydroxy-succinimide ester is 
dissolved in 0.5 ml dimethylsulfoxide and added slowly to the dialysate and 
incubated for 30 minutes at room temperature. Excess maleimide is removed 



by G50 chromatography and the combined antibody fractions are reacted 
with the thiol containing ligand for 1 hr at room temperature at pH 6.5. 
Subsequently the conjugated antibody is separated form the unreacted ligand 



by molecular sieving chromatography of the appropriate pore 



size. 



Oligonucleotides synthesized with a thiol group at the 5' end or the thiol 
groups were added by reaction with an allylamine residue at the 5' or 3' end 
of the nucleic acid with homocysteine thiolactone at pH 9.0. 



Fy^mo\e 12 . A Bifunctional Binder Composed of an Antibody to the CD4 cell 

Surface Protein as the Domain for the Cell and a Single Stranded 
DNA Molecule as the Domain for the Nucleic Acid Component 
(Figure 1 5) 

A single stranded DNA molecule 120 bases in length and containing a 5' 
terminal nucleotide modified by the addition of an allylamine group is 
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prepared chemically by the method of Cook et al. (1988 Nucleic Acids Res 
16;4077). and the allylamine residue is thiolated as in Example 1 1 . The 70 
bases at the 3' end are complementary to the single stranded region of 
Adeno Associate Virus DNA. The single stranded DNA is attached to the 
F(ab') 2 fragment as in Example 1 1 and they anneal to Adeno Associated 
Virus as indicated in Figure 1 5. 



Fx^mple 13 . A Binder Composed of a Bispecific Antibody (or of the F(ab') 2 

Fragment of a Bispecific Antibody) Attached to a Single 
Stranded DNA Domain for the Nucleic Acid Component (Figure 

16). 

A bispecific antibody is prepared as described in Example 1 1 from a murine 
monoclonal antibody to CD34 cell surface protein and and a murine 
monoclonal antibody to adenovirus. The single stranded DNA molecule 
described in Example 1 2 is attached to the bispecific antibody (or to the 
F(ab') 2 fragment of the bispecific antibody) and annealed to the adeno 
associated virus. An inactivated adenovirus is bound to the antibody 
(Cristiano et al. 1993 Proc Natl Acad Sci USA 90;2122: Curiel et al. 1991 
Proc Natl Acad Sci USA 88;8850) in order to facilitate cellular uptake of the 
complex. 
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Fv^rnnle 14 . A Binder composed of a Domain for Adeno Associated Virus 

DNA, a Domain for Binding to Liver Cells and an Inactivated 
Adenovirus (Figure 17). 



Pr . p.r.tinn nf Lct y- n.ir^niv.in. lOmer. Oligolysine is synthesized containing 
a cysteine residue at the carboxy terminus. The thiol group is blocked with 
Eilman's reagent and the amino groups are reacted with a threefold excess of 
lactylisothiocyanate in 0.1M bicarbonate buffer, pH 9.0, and 20% 
dimethylformamide for 2 hr at room temperature. The reaction mixture is 
chromatographed on a G50 column and the lactyl-oligolysine fractions are 
combined and freeze dried. The solid is dissolved in 2 mi ImM dithiothreito 
to unblock the protected thiol group and chromatographed again on a G50 
column to remove the excess dithiothreitol and the liberated Eilman's 
reagent. All operations are performed with argon saturated buffer to prevent 
thiol oxidation by air. The combined lactyl oligolysine fractions are combined 
and reacted immediately with the maleimide derivatized antibody (see below) 
or proteins in a mixture with thiol containing nucleic acid as in Example 12. 



Fv^mnlelS . An Antibody Binder with an Attached DNA with Domains for 

Adeno Associated Virus DNA and for Binding to Liver Cells 
(Figure 1 8). 
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A single stranded DNA molecule 100 bases in length and with a 5' terminal 
nucleotide containing a thiol group is synthesized chemically Allylamine 
groups are interspersed at 10 base intervals along the 50 bases at the 5' end 
of the molecule Cook et al.) and the 50 bases at the 3' end of the molecule 
are homologous to adenovirus associated virus DNA. After blocking the thiol 
groups, the lactyl groups are added as described in Example 11. The thiol 
groups are then unmasked and the lactyl modified single stranded DNA is 
added to to a murine monoclonal antibody to adenovirus and it is annealed to 
adenovirus associated virus DNA as described in Example 12. 



Fxamole 16 Preparation of a multimeric Antibody by means of 

Nucleic Acid Hybridization 
(i) Preparation of homopolymer 

Oligo(dA) and oligo(dT) with an amine group at the 5' end were synthesized 
chemically. Longer molecules were prepared by using the amine-containing 
oligos as primers in a reaction with with Terminal transferase and the 
appropriate dNTP precursors depicted as NA in Figure 19 and 20.. 



(ii) Preparation of homopolymer linker 

1,2 Diamino-4-Bromo-5-Hydroxycyclohexane was prepared according to U.S. 
Patent No. 4,707,440 where the product of the (11-5) reaction was reacted 
with N-Bromosuccinimide as in step (4-7) to yield compound I. (The various 



steps in this synthesis are shown in Figures 19 and 20). Compound I was 



re 
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acted with a 5-fold excess of dithiothreitol at 90°C, pH 8.0 in argon 



atmosphere for 2 hours. The reaction mixture was acidified to pH 1 .0 and 
the excess of dithiothreitol was removed by peroxide-free ether until no thiol 



was 



detected in the ether phase. The aqueous phase which contains 



Compound II was used for the next step 



(iii) Attachment of linker to homopolymer 
The 5' amino group of the nucleic acid was reacted with 3- 
maleimidopropionic acid N-hydroxy succinimide ester in 0.2 M sodium 
bicarbonate buffer pH 7.8 and 0.7 M lithium chloride 30% dimethyl 
formamide for 40 minutes at 25°C. The pH of the mixture was brought to 
5.5 with 2.0 M acetic acid and the excess active ester was removed by 
extraction with n-butanol. The product Compound 111 was precipitated with 
4 volumes ethanol for 2 hours at -70°C. It was centrifuged and the pellet 
was dissolved in 0.7 M lithium chloride and reacted immediately with excess 
Compound II at pH 6.0 for 30 minutes at room temperature to yield 
Compound IV; it was separated from excess of Compound II by ethanol 
precipitation as in the previous step. Compound IV was reacted with excess 
3-maleimidopropionic acid N-hydroxy succinimide ester (as described in the 
preparation of Compound III) to yield Compound V. The product was 



precipi 



tated twice with 4 volumes ethanol and stored as a pellet at -70°C 



until used 
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(iv) Preparation of Antibody 

Fab'-SH fragments were prepared by reduction of F(ab')2 antibody with 0.5 
M dithiothreitol at pH 7.5 (Taizo Nitta, Hideo Yagita, Takachika Azuma, 
Kiyoshi Sato and Ko Okumura Eur J. Immunol 1989 19: 1437-1441) under 
argon atmosphere. The pH was lowered to 6.0 and the antibody was 
separated from dithiothreitol by G50 chromatography using fully deaerated 
buffer under argon atmosphere to prevent oxidation to F(ab')2 



(V) Attachment of homopolymer to Antibody fragments 
The protein fractions from step (iv) were combined and reacted with 
Compound V (Figure 20) from step (iii) in a 2:1 ratio to form Compound VI, 
always under argon atmosphere and in the presence of 2mM EDTA to 
prevent nuclease action. After overnight incubation at 4°C, Ethylmaleimide 
was added to the reaction mixture to block any free thiol residues and the 
protein was precipitated with ammonium sulfate (60% of saturation). The 
pellet was dissolved in minimum amount tris-HCI buffer, pH 7.8 and 
chromatographed in a G100 column to separate the conjugate from the 
reaction products. 



(vi) Annealing of homopolymers to obtain Antibody multimers 
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Annealing is done 0.2M NaCI, .05M Tns HCl (pH 7.8), ImM EDTA. Figure 21 
shows the overall outline of the process. In the last step shown in figure 21 , 
(a) shows an example where both the A homopolymer and the T 
homopolymer are short enough that there is essentially only one of each type 
of molecule binding together in a 1:1 ratio. The (b) diagram shows the 
situation where the A homopolymer was synthesized such that its much 
longer than the T homopolymer; in this situation, larger numbers of 
antibodies can be linked together into complexes. 



Fv^^mole 17 Preparation of a multimeric insulin by means of 

Nucleic Acid Hybridization 
Oligo T with a primary amino group (prepared as described earlier) is reacted 
in 0.7M LiCI , 0.1 M sodium bicarbonate buffer, pH 7.8 and 30% dimethyl 
formamide with a 3-fold excess of suberic acid bis (N-hydroxysuccinimide) 
ester for 1 5 minutes at room temperature. The pH was then lowered to 5.0 
by the addition of 2M acetic acid and the excess of active ester was 
extracted twice with n-butanol. The nucleic acid was precipitated with 4 
volumes ethanol at -70°C and the pellet after centrifugation was dissolved in 
cold 0.7 M LiCI in 0.1 M sodium bicarbonate solution (pH 7.8), solid insulin 
was added in 1 :1 .2 ratio and the conjugation was allowed to take place at 
4°C overnight. The product is separated from the reactants by molecular 
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sieving chromatography on G75 columns. A muitimeric complex is formed 
by the hybridization of the T-tailed insulin molecules with a Poly A binder as 



desc 



ribed earlier. The steps in this Example are shown in Figure 22. 



Fxam ple 18 Preparation of a muitimeric insulin by means of 

Nucleic Acid Hybridization through specific discrete 
sequences. 

A group of nucleic acid sequences are selected from the known sequence of 
the single-stranded form of bactenophage Ml 3. These are then artificially 
synthesized such that they have a primary amino group on the nucleotide at 
the 5' end. the oligomers are individually activated and attached to insulin 
molecules as described in Example 1 7. A mixture is made of each of the 
oligomer/insulin complexes and mixed with M13 DNA derived from phage 
particles (the + strand). The product was separated from the reactants by 
molecula sieving chromatography. The steps in this Example are shown in 
Figure 23. 



Fv^mnle 19 Synthesis of a Eukaryotic Vector that Expresses T7 RNA 

Polymerase as well as Antisense Sequences Directed by a T7 



Promoter. 
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(A) Intron and Intron insertion Site 

The SV40 small T intron has bean utilised in a number of DMA vectors and it 
has been ohosen for this partioular example due to its small size and the 
presanoe of stop oodons in all three reading frames. The consensus 
sequences for splice donors and acceptors are partially made up by exon 
sequences as well as intron sequences. A computer search using the 
MaoDNASlS program ( Hitachi, Inc.. allowed the identification of 1 9 different 
sites within the T7 RNA polymerase coding sequence (Mount, 1982 Nucleic 
Acids Research 10,459) that contain the sequence IC/A)AQG, which as 
described earlier is a consensus sequence for a post-splice iunction. Any of 
these sites should be suitable for the Intron insertion site, but for this 
example, a T7 site was chosen that closely resembled some of the flanking 
exon sequences of the SV40 intron. Figure 24 shows the sequences 
surrounding this site in the T7 RNA polymerase gene sequence and the 
subsequent insertion of the SV40 virus intron into this site. Figure 24 also 
shows the mRNA made from this fusion and the subsequent splicing out of 
the intron sequence to reconstitute the normal T7 coding sequence. 



,B1 Fusion of intron sequences into the T7 coding sequences 
A method for introduction of the intron and production of a vector that 
contains the interrupted T7 RNA Polymerase as well as sequences directed 
from a T7 promoter is given ,n Figure 25. As shown in Figure 25, the 
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creation of this construct can be acccmpiished by PCR amplifications of aach 
segment of tfre T7 RNA polymerase gene (ieft and right of the intended 
intron insertion sitel and PCR ampiitication of a euoaryotic intron. These 
pieces are joined together using cloning steps described belov,. It has 
prayiously been shown that PCR products can be fused together by a 
technique referred to as "Splicing by Qyeriap Extension" (SOE, to generate 
precisely ioined fragments without extra seguences being added (Norton et a/ 
1990 BioTechniques a: 528; Hcrton era/., 1989 Gene 21: 61). Howeyer. in 
addition to the PCR reactions needed to create the different segments, the 
SOE method inyolyes the use of these PCR products as primers in a 
secondary PCR reaction to fuse the segments. For fusions of multiple 
segments there would be a series of sequential PCR reactions to be carried 
out. Even with thermostable DNA polymerases chosen for a lower error 
frequency, the synthesis of the final product will require that some 
sequences be subject to several multicycle amplification steps thereby 
leading to an increased chance of undesirable mutations in the final product. 
For this reason, the inventors of the technique advised sequencing the final 
product to insure that the desired product was obtained (Horton e< a/., 
1 990). in the present example, a method was used that requires only an 
initial round of PCR amplification to create each segment followed by ligation 
of the segments together to form the final fused product. Fusions of the 
gene segments and intron to form the appropriate product were carried out 
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by addition of restriction enzyrr-e sequences onto ti,e 5' end of .i.e PCR 
pnmers to allow the production of "sticky ends" (Scharf era/., 1986 Science 
233: 1 076). To give the precisely defined end points for this fusion, 
restriction enzymes (Bsa I and Bsm B1) that recognize non-palindromic 
sequences and cut outside of their recognition sequence to leave a single 
stranded tail with arbitrary definition were used. This method allows joining 
of sequences a, any point chosen by the user by the appropriate design of 
the PCR primers. 

(C) Synthesis of the individual segments used for the fusion. 

The T7 RNA polymerase is encoded by bases 3171-5822 in the T7 genome 

(Dunn and Studier, 1983 J. Mol. Biol. IM: 477) and this sequence is 

»'=vni14.R J02518 or X0041 1 . Based 
available in Genbank as Accession # s V01 1 46, JU^o 

upon this information, six different oiigos were synthesized. The use of 
these oligo's and their sequences are given in Figure 26. TSP 1 and TSP 2 
were annealed together by a 1 2 bp complimentary sequence and extended to 
form a completely double-stranded DNA molecule (Figure 271. Conditions 
,,ere as follows: 150 pM of TSP 1, 150 pM of TSP2, IX NEB Buffer #2 
(New England Bioiabs, Inc., 200 uM dNTP and 13 units of Sequenase v2.0 
,U.S. Biochemicals, Inc) for 75 minutes at 37° C. TSP 3 and 4 were used in 
a PCR reaction (Saiki e. al. 1985 Science 230. 1350.) with T7 genomic 
DNA as a template to synthesize the "Leff fragment. Reagent conditions 
were as follows: 100 ul volume containing 100 ng T7 template (Sigma 
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Chemical C0.,,1.MTSP3,1uMTSP4,1n,MM.C,,1xPCRbu«e,, 
250UM dNTP, 2.5 units o, Taq DNA Poly^rase. Temperature cyCIng 

C and (31 3 minutes at 12' C. The same c.ndit.cns were used to form the 
..,.,,t" and fragment with Oligomers TSP-6 and TSP-6 except that due to 

,Stratagene, ,nc, was added and the Ta, Extender .u«er substituted for the 
,„.m the intron piece. Conditions were the same as those used for 

K, 1 ■ at 72" C for the extension time. Figure 27 shows 
conditions were only 1 at o ror 

Of Cigo's TSP 1 and TSP 2 and its combination with the .eft end of the TSP 

The resultant nucleic and a.ino acid sequences are ,ven in Fi.ure 23 for the 

• n in this example as well as the normal wild type T7 RNA 
construct given in this exampic a=. 

polymerase sequences. 

■ ^ «,,t =,t the 5' end during this construction 
Thus, the modifications carried out at the 5 



process 



were: 
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a, The sequence around the ATG star, c.don was changed to give a Kczak 
consensus sequence (Kozak 1984 Cell 44: 283) to increase efficiency of 
translation of the gene product. Th,s change had previously been introduced 
into the T7 RNA polymerase coding sequence. 



b, The fusion of the TSP1/TSP2 extension product to the TSP3/TSP4 PCR 
introduces a 9 amino acid insertion between bases , 0 and 1 1 in the norn^al 

. This sequence has previously been 



T7 RNA polymerase protein sequence 



the nuclease by Kalderone et al 



shown to be a signal for transportation to 
0 984 ceil 22: 499) and had been introduced into T7 RNA polymerase by 
Ueber et al., 11989) as a substitute for the first 10 amino acids and inserted 
i„,o an artificially created EcoRl site by Dunn et al., .1988). The method 
used in this Example to introduce the Nuclear Localisation Signal ,NLS) was 
designed to minimize perturbations to the normal structure of the protein. 
The codons for the amino acids coding for the NLS are indicated as larger 
type size in Figure 28 

r.- n K n.tinn of -e-es to form the final construct of the T7 RNA 

(D) Combination ot ^iCwccj l-j 

polymerase gene in a eucaryotic expression vector 



Figure 29 shows the various steps used for this process. For ease of use, 
each of the three pieces (PCR *1 , PCR #2 and PCR was cloned into a 
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plasmid vector (PCR 111 using the TA cloning kit and following the 
manufacturer's instructions (Invitrogen, Inc.l. 



PCR #1 (the left end of the T7 RNA polymerase) was cloned into PCR II to 
create pL-1 . This construct was then digested with BsmBl and Spe 1 to 
excise out the PCR product and the TSP1/TSP2 Extension product (shown in 
,etai, in Figure 27, was digested with Eco R1 and Bsa i. Due to the design 
of the primers, the single-stranded tails created by BsmB! and Bsa 1 are 



to each other and ligation o. these pieces forms a single piece 
with an Ecopf end and a Spe i tail at the other end. Digestion of 



the Ml 3 vector, mp 



18, with EcoRI and Xba 1 allows insertion of the 



EcoRI /Spe I piece to form pL-2. 

PCR #2 (the SV40 Intron) was cloned into PCR II to form plNT-1 .This 
construe, was digested with EcoRI and Spe 1 and transferred into the Ml 3 
vector (mpl 8 digested with EcoRI and Xba 1) to form plNT.2. 



J * T7 RNA nolvmerase) was cloned into 
PCR #3 (the nght end of the T7 KNA poiymc. 

PCR II to create pR-1 . This construct was digested with Eco Rl and Spe 1 
and then self-ligated to form pR-2. This step was added to eliminate extra 
EcoRI and Spe 1 sites present in pR-1 • 
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„,e,her .0 ,c,. .He complete intron-containin, T7 RNA polymerase. Th. 
„3S accomplished bv di.es.ion o, pL-2 with BsmB, and Bsa , P..T-2 witH 

„,et.e, .otms a sin.ie .ta.me.t that .as one end compatible with a Hind ,i, 
end and tbe otbet end compatible with Spe i. This tta.ment was cloned ,n 

same step into pRc/RSV „tom .nvittcgen, inc., that bad been previously 
a,ested With Hind 1,1 and spe As shewn in R.ure 23, .bis ,ina. product is 
p,.T-3. This particular eucaryotic vector was chosen since it had beeen 

• f r>i 9 does not reconstitute the Hind 111 
created from the BsmBI digestion of pL-2, does 

site in plNT-3, the final product. 



E) Antisense sequences 

»„rT«mev Antisense to lA) was derived 
and (C) the splice acceptor site for Tat/Rev. An 

,.m a paper by .oshi e. ai. 0 331 Virol. 66,5534,: Antisense to ,B, was 

Szakiel et al. .1930 Biochem Biophys Res Comm 169, 213, and 



taken 
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molecule w 



i,h -sticky ends- that are compatible with a Bam HI site. The 
ongo's were aiso designed such that after insenicn Ihto a Bam HI site, cn,v 
„„e end o. the molecule would regenerate the Bam HI site, thus orientation 
„, the molecule could easily be ascertained. The resultant clones were 
termed pTS-A, pTS-B and pTS-C for the anti-H,V sequences A, B and C 
respectively. 



F) Cloning of T7 terminator 

The seguence for termination of transcription by the T7 RNA polymerase is 
encoded by a seguenca between the end of the gene 10b protein at base 

24 227 in the T7 genome (Dunn and Studier 1983 J. Mo.. Biol. 166, 477 , 
Cenban. Accession rs V01 146, J0251B or X0041 1. Based upon this 
information, TER-1 and TEB.2 were synthesized (Seguences given in Figure 
30, and used in a PCR amplification reaction to obtain a double-stranded 1 38 
,p Piece that contained the T7 seguencas from 24,108 to 24,228 with an 

A .nH Pst 1 site added to the other. The reagent 
Xba I site added at one end and a Pst 1 site aaa 

ni TnaVor v-ere as described for the TSP3/TSP4 reaction 
conditions for amplification v.ere 

but the temperature cycling conditions were: 16 cycles of .1. 50 seconds at 
940 e ,2, 25 seconds at 50- C and <3, 1 minute at 72» C. As shown in 
Figure 30, the terminator piece was cloned into the PCR .1 vector and then 
after Xbal/Ps. I digestion it was transferred into an Ml 3 vector. 
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Ql Creation of T7 driven antisense transcription units. 
The clones containing Antisense sequences (pTS-A, pTS-B and pTS-C) were 
digested with Eco R1 and Pst I while the clone containing the T7 terminator 
(pTER-2) was digested with Xba and Pst I. These were ligated together with 
pIBl 30 (IBI, inc.) that had been digested with Eco Rl and Ps, I to form the 
Antisense transcription units shown in Figure 30 which have Antisense 
sequences transcribed from a T7 promoter and then terminated by a T7 
terminator. The resultant clones were termed pTS-Al, pTS-Bl and pTS-CI 
for the anti-HIV sequences A, B and C respectively. 



HI Transfer of Antisense Transcription Units into plNT-3 
By the nature of the present invention, the T7 driven Antisense 
Transcriptions units can be transferred into plNT-3 to n.ake a single construct 
T7 polymerase/promoter construct. This was accomplished by creating an 
Ml 3 phage vector LIT 0-2 by transferring the polylinker from the plasmid 
vector LlT-38 (New England Biolabs, Inc.) by digestion with Spe 1 and SphI 
and ligating the polylinRer insert into mpl 8 tha, had been digested with Xba 1 
and Sph I. This and subsequent steps are shown in Figure 31. Clones pTS- 
A1 , pTS-BI and pTS-Cl which contain T7 directed Antisense sequences 
were digested with EcoRV and Pst I. They were then ligated to the LIT 0-2 
vector which had also been digested with Eco RV and Ps.l. The resultant 
clones are phage vectors that contain T7 directed Antisense sequences and 



- 155 - 




were 



termed pTS-A2, pTS-B2 and pTS-C2 respectfully. These clones were 
digested with Nhe I and Bsp 1 20 I and ligated to the plNT-3 vector (from 
Figure 29) that had previously been digested with Spe I and Not 1. the 
resultant clones pRT-A, pRT-B and pRT-C contain the coding sequence for 
the T7 RNA polymerase driven by the RSV promoter and with an SV40 

that will be spliced out to form a functional polymerase 



intron sequence 



enzyme 



and in addition each construct contains an HIV Antisense sequence 



driven by a T7 promoter and terminated by a T7 terminator. 



£,,aniEl£^ Expression of a protein made from T7 directed transcripts 

derived from a single construct that also expresses the T7 RNA 



polymerase 

,r used in the previous example can be modified for use 



as 



The plNT-3 vectoi 

an expression vector for T7 directed protein synthesis. For this purpose, the 
plNT-3 vector needs has a T7 promoter, a T7 terminator and a polylinker in 
between. The optimal site for the placement of these moities is after the 
poly A signal for the T7 RNA polymerase in plNT-3 where there is an Xho I 
and a Bam HI site. Since there are also other Xho I and Bam HI sites 
within the vector, manipulations of this particular segment can only be done 
if the small segment containing this area is separated out, the appropriate 
nucleic acids introduced in between the Xho I and Bam H 1 sites and then 
the segment replaced back in. The steps used for the creation of this 



con 



struct are shown in Figures 32 and 33. 
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a) Introduction of polylinker 

The segment containing the Xho/Bam HI insertion site was derived frorti the 
plasmid pRC/RSV, which was the parent of plNT-3. This was done by 
digesting pRC/RSV with Xbai and Xma I and transferring the appropriate 
fragment into the plasmid pUC18 (NewEngland Biolabs, Inc.) previously 
digested with Xba I and Xma I to obtain the vector pEXP-1 . This in turn was 
digested with Xho 1 and Bam HI and then a polylinker was inserted by 
ligation with oligomers PL-1 and PL-2 (Sequences are shown in Figure 32). 
The resultant plasmid was named pEXP-2 and the restriction sites contained 



w 



ith the new polylinker are shown in Figure 32. 



b) Introduction of T7 promoter and T7 terminator 

A promoter was inserted into pEXP-2 by digestion with Nco I and Bam HI 
followed by ligation with oligomers TPR-1 and TPR-2 (Sequences are shown 
in Figure B-10) to create pEXP-3. The normal T7 promoter consensus 
sequence (Dunn and Studier, 1983) was not used since it has been shown 
that it can function as a eucaryotic promoter in some cell lines (Sandig et al., 
1993 Gene 131;255) and a sequence derived from Lieber et al. (1993) was 
substituted since this equence still functions well in the presence of T7 RNA 
Polymerase but remains silent in its absence. The vector pEXP-3 was 
digested with Spe I and Pst and ligated to the T7 terminator fragment 
derived from the pTER-1 construct described in the previous example in order 
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to create the vector pEXP-4. The Xba/Xrr^a segrr^ent has now been modified 
to contain the T7 terminator, a short polylinker and the T7 terminator. It 
was substituted for the unmodifed segment in plNT-3 by Xba 1/ Xma 1 
digestion of piNT-3 and PEXP-4followed by ligation as shown in Figure 33 
thus creating the vector plNT-4. 



c) 



introduction of a protein coding sequence into the new T7 Expression 



vector 



The gene coding for the complete lac Z sequence was obtained f-onn 
pZeoSVLacZ (Invitrogen, Inc.l by digestion with Age 1 and Cla I, This was 
then ligated into plNT-4 that had been previously digested with Bsp El and 
Clal to create plNT-LacZ (not shown). After introduction into a eucaryotic 
cell, the RSV promoter directs the synthesis of the T7 RNA polymerase 
which in turn acts upon the T7 promoter to synthexize B-galactosidase. 



E,,3,,jBte^. A Primary Nucleic Acid Construct that Propagates Production 

Centers for the Production of Produces Single-Stranded 

Antisense 

A Primary Nucleic Acid Construct is described as shown in Figure 34 and 35 
Whereby, subsequent to introduction into a cell, a series of events, including 
self priming, multiple priming and Rnase H and reverse trasnoriptase 
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activities, leads to the production of single stranded DNA antisense 
molecules, in this case a Nucleic Acid Construct creates multiple copies of a 
Production Center, an RNA transcript with hairpin structure with a discrete 3' 
end (Structure 34a, Figure 341. In the presence of reverse transcriptase self 
priming occurs by the 3' end of the hairpin acting as primer to extend to the 
6' end of the molecule resulting in a hairpin structure composed of both DNA 
and RNA (structure 34b). By a multiple priming process, Rnase H, either as 
part of the viral reverse transcriptase or from the Inherent Cellular Systems, 
starts degradation of the RNA bound to the DNA. Degradation can be 
complete if there is enough Rnase H activity, or if the reverse transcriptase 
activity is high enough, the initiation of RNA degradation provides RNA 
fragments that serve as primers for extension using the DNA portion as a 
template. In the former case the net result of the degradation by RNase H 
i. a single-stranded DNA molecule with a double stranded 5' RNA terminus 
(Structure 34c); in the latter case (structure 34d), the priming event results in 
a) the Production of a series of molecules such as 34f and 34g, the length of 
the single-stranded DNA portion depending upon the site of the priming 
initiation event and b) the propagation of Production Centers such as 
structure 34e. Structure 34g could act as a biological modifier if, for 
example, the sequences represented as the Z single stranded DNA region 
were antisense sequences. Through the activity of RNase H and reverse 
transcriptase, structure 34e would be processed further to produce single 
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stranded DNA molecules (structures 351 h, 35i and 35i, Figure 351. which 
could act as antisense DNA if the sequences X', T. T were designed with 
that purpose. The Production of antisense DNA nnolecules according to this 
invention represents the first demonstration of the method for the 
intracellular synthesis of antisense DNA. 

A Primary Nucleic Acid Construct that Propagates an RNA 
Production Center that is Reverse Transcribed to Create DNA 
Production Centers Capable of DirectingTranscription. 
,n this example, the same processes of self priming and multiple priming 
described in the Example 21 occur with the propagation of single stranded 
DNA hairpin structures (Figure 36). As in Example 21, structures 
36b, 36c and 36d (Figure 36, act as Producton Centers for the Production 
cf single stranded RNA. In this case this represents an amplification even, 
since reverse transcriptase and RnaseH convert a single Production Center 
,36a,, into a double stranded DNA Production Centers (36b, 36c and 36d) 
which can direct the Production o, multiple single stranded RNA nno.ecules. 



A Primary Nucleic Acid Construct which Propagates a Double 
Hairpin Production Center for the Production of Single Stranded 



RNA 
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In this example, a double stranded DNA Primary Nucleic Acid Construct 
(structure 37a, Figure 37) has been designed such that a single stranded 
Production Center, propagated from it, forms hairpin structures at the 5' and 
3' ends. Extension by self priming from the 3' end followed by further steps 
catalyzed by RnaseH and reverse trancriptase result in the propagation of a 
double-stranded DNA molecule with single stranded hairpin ends (structure 
38b, Figure 38). This can be further procesesed, by the action of DNA 
ligase, to form a covalently closed molecule (38c) or by the action of reverse 
transcriptase to form a larger linear molecule (38d). The presence of 
promoters and coding sequences in these Production Centers provides for 
Production of single stranded RNA. As seen above in Example 22, this is an 
amplification event since each Production Center producing RNA transcripts 



was 



itself derived from a single transcript, 



F^.mnle 24 A Nucleic Acid Construct which Propagates a Production Center 

capabale of Inducible Cell Destruction. 
In this example {Figure39) provides for the production a single stranded 
nucleic acid as a result of the introduction into cell of an inherent cellular 
system. In this case, the events leading to the Propagation of a Production 
Center (structure 39b) are brought about by the presence of Reverse 
Transcriptase. Here, the single stranded nucleic acid product of a Production 
Center is mRNA which can be translated to produce a lethal product, 
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diphtheria toxin, resulting in a reverse transcriptase dependent cytocidal 
event. Elimination of low level synthesis of a toxic gene product such as 
diphtheria toxin in the absense of viral infection TAT activation (as was 
observed by Harrison et al.) is accorr^plished by the use an intron artificially 
inserted into the non-coding strand (39a) of the segment coding for the 
toxin, in this way, transcription of the toxin sequence will not produce an 
product. Production of active toxin only occurs when the antisense 



active 



transcript is spliced and used as a ten^plate for Reverse Transcriptase. 



The result of Rnase H and reverse transcriptase mediated activities is a 
double stranded DMA Production Center (39c) that has a template for the 
toxin and which has the intron sequences removed. As a further refinement, 
the promoter sequence in the double-stranded DNA Production Center (region 
designated as ABC in structure 39b) can be an HIV LTR. In this case 

Production of the toxin would be dependent upon two events that should be 

provided by viral infection. 



£;,amB!S-Z5 Use of tRNA Primers to Create a Double-Stranded DNA 

Production Center for Production of Single Stranded RNA. 
This example utilizes the presence of primer binding sites in a single stranded 
RNA Production Center for the Propagation of a double-stranded DNA 
Production Center. In this way, sequences derived from the Primer Binding 
Sites of retroviruses, such as the HIV primer binding site which utilizes lysyl 
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tRNA as a primer, can be inserted near the termini (regions designated X and 
Y) in the RNA Production Center (Figure 40, structures 40b and 40c) for the 
priming of DNA synthesis to form double stranded DNA Production Centers. 
The resultant Production Centers, such as structure 40d, are double stranded 
DNA molecules but can function as described previously to produce single 
stranded RNA which either can be utilized as anti-sense nucleic acid or 
which can be translated to produce a protein. 



£^,anipl£.2£ Construction of plasmids with Anti-sense segments introduced 

into the transcript region of the U1 gene. 
The overall process used in this example is depicted in Figure 41 . The gene 
for U1 Is present in the plasmid pHSD-4 (Manser and Gesteland 1982 Cell 
29;257). Three different pairs of deoxyoligonucleotides were synthesized 
and the sequences are given in Figure 42. The pairs were hybridized to form 
double stranded molecules with single stranded overhangs to form sites 
compatible with the Bcl/Bsp ends in the plasmid. The Bcl/Bsp ends in the 
plasmid remain after removal of the 49 base sequence from the U1 coding 

inserted into and expressed fromthe U1 



sequence. When each sequence is ii 
coding region of pHSd-4 U1 it will appear as an antisense RNA sequence to a 

region of the HIV gemome. 



After digestion with Bel 1 and Bsp El, a 49 base pair segment is eliminated 
from the U1 transcript portion of the gene. The oligo pairs have been 
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designed to form sticky ends compatible with the Bcl/Bsp ends in the 
plasmid. Ligation of each of the pairs of Oligo's (HVA-1 + HVA-2, HVB-1 
+ HVB-2 and HVC-1 + HVC-2) created pDUI-A with an insertion of 72 bp, 
pDUI-B with an inserion of 66 bp and pDUI-C with an insertion of 65 bp. 
As a control, two oligomers (HVD-1 and HVD-2) with sequences unrelated 
to HIV were also inserted into the U1 operon to create pDUl which contains 
an insertion of 61 bp. 



To allow for selection of transformants after introduction of these chimeric 
U1 genes, the Neomycin resistance gene was introduced by digestion of 
pGK-neo (McBurney et al. 1991 Nucleic Acids Research 19;5755) with Hind 
111 and Sma 1 and ligation into the pDUl series of plasmids previously 
digested with Hind III and Hinc II to create the pNDUl series (pNDUI-A, 
pNDUI-B, pNDUI-C and pNUI-D). 



As described earlier, the design of the cloning method should allow the 
insertion of novel sequences that would still allow the utilisation of signals 
provided by the U1 transcript for nuclear localisation of Anti-sense 
sequences. To test whether the insertion of the sequences described above 
resulted in unintended changes in the U1 region responsible for re- 
importation of the Ul transcripts a computer analysis was done to compare 
the predicted structures for the normal Ul and the chimeric novel molecules 
using the MacDNASlS program (Hitachi, Inc.). In Figure 43 it can be seen 
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that despite changes in the 5' end (where the new sequences have been 
introduced) loops Hi and IV as well as the Sm region remain undisturbed. 

Construction of a Multi-Cassette Construct which Expresses 
Three Antisense Sequences as Part of Ul snRNA 
The various steps used in this example are depicted in Figure 44. The 
various constructs used in this example, pDUKA), pDUKB), pDUKC) and 
pGK-neo were described in Example 26 of this patent. The plasmid pDUl(B) 
with the "B- anti-sense embedded within the Ul transcript was digested 
with Sma I and Hind 111. The segment containing the U1 operon with the "A" 
anti-sense was released by digestiion of pDUKA) with Hinc II and Hind 111 
and llgated into the pDUl (B) plasmid ,c create pDUllA.B. which contains 
two separate operons for the "A" and "B' anti-sense sequences. This 
construct was then digested with Sma I and Hind 111 (tc release the double 
operon) and ligated into pDUUC), containing the Ul operon with the "C" anti- 
sense, that had previously been digested with Hinc II and Hind III. The 
resultant construct, pDUl lA.B.C) contains three separate operons containing 
the-A-, "B" and "C" anti-sense sequences. To allow selection for the 
presence of this construct after a transfection step, the segment containing 
Neomycin resistance was excised from the vector pGK-nec by digestion with 
Hind 111 and Sma I and ligated into the pDU1(A,B,C) construct to create 
pNDUl (A,B,C). The ordering of the three operons in the pDUl (A,B,C) and 
pNDUl (A,B,C) constructs is given in Figure 46. 
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pv.m piR 28 Construction of an Antisense Expressing Multi-Cassette 

Construct Containing Three T7 RNA Pronnoters 
The various steps used in this example are depicted in Figure 45. The 
polylinker from plasmid LIT 28 (New England Biolabs, Inc.) was transferred 
into an Ml 3 vector by digestion of the plasmid with Bgl II and Hind III and 
then ligating it with mplB (New England Biolabs, Inc.) previously digested 
with Bam HI and Hind III to create the phage vector LIT 01 . The plasmid 
pTS-B (described in Example 1 9) containing a T7 promoter, the "B" Anti- 
Sense sequence and the T7 terminator, was digested with EcoRV and Hind 
,11 and then ligated to LIT 01 previously digested with EcoRV and Hind III to 



create 



TOP 302, a phage vector with the "B" Anti-sense T7 operon. 



The polylinker from plasmid LIT 38 (New England Biolabs, Inc.) was 
transferred into an Ml 3 vector by digestion of the plasmid with Spe 1 and 
Sph 1 and then ligating it with mpl 8 previously digested with Xba 1 and Sph I 
to create the phage vector LIT 02. The plasmid pTS-A (Example 19) 
containing a T7 promoter, the "A" anti-sense sequence and the T7 
terminator, was digested with EcoRV and Pst I and then ligated to LIT 02 
previously digested with EcoRV and Pst I to create TOP 414, a phage vector 
with the A Anti-sense T7 operon. The T7 operons In TOP 302 and TOP 414 
were joined together by digestion of TOP 302 with Mlu 1 and Bsi W1 and 
ligating it to TOP 41 4 previously digested with Mlu 1 and Bsr G1 to form TOP 
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501 , a phage vector which has both the "A" Anti-Sense T7 operon and the 



"B" Anti-Sense T7 operon. 



The plasmid pTS-C (described in Exan^ple 19) containing a T7 promoter, the 
-C- anti-sense sequence and the T7 terminator, was digested with Sph 1 and 
Hind ill. TOP 501 was then digested with Sph! and Hind 111 and iigated to 
PTS-C2 to create TRi 101 which has the "A" Anti-Sense T7 operon, the "B" 
Anti-Sense T7 operon and the "C" Anti-Sense T7 operon in a single 
construct. The ordering o, the three operons in the TRI 101 construct is 
given in Figure 46. Co-transfection of this construct with a vector that 
expresses T7 RNA polymerse (The Intron containing T7 RNA Polymerase 
described in Example 19 could be used for this purpose) allows the /. wVo 
production of all three Anti-Sense transcripts. 



E^^amcls^ Construction of an Antisense Expressing Multi-Cassette 

Construct Containing Three T7 RNA Promoters and an Intron- 
Containing T7 RNA Polymerase Gene. 
Although the preceding example utilises the common method of expressing 
T7 directed transcripts by means of cotransfection with a construct with the 
RNA polymerase and a second construct with a T7 promoter, an application 
of the current invention describes a method of carrying both entities 
(polymerase and promoter) on the same construct. The present example is 
an illustration of a single construct that contains the T7 RNA polymerase as 
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well as multiple operons of T7 driven Anti-Sense transcripts. The various 
steps used in this example are depicted in Figure 47. The plasmid pTS-C 
(described abovel was digested v,ith EcoRV and Pst I and liga.ed into .he 
M 1 3 vector LIT 02 (described above) which had previously been digested 
with EcoRV and Pst 1, to create the TOP 501 which is a phage vector with 
the "C- Anti-sense T7 operon. As described earlier, the construct plNT-3 
contains the T7 RNA Polymerase with an SV40 intron inserted within the 
coding region; in eucaryotic cells there is expression by an RSV promoter 
followed by excision of the intron by means of the normal splicing machinery 
o, the cell. To insert the T7 Anti-sense operons, it was digested with Spe 1 
and Not 1. The T7 Anti-sense operons were inserted as a triple insert by the 
simultaneous ligation of the Spe/Not plNT-3 DNA with TOP 601 previously 
digested with Pst I and Nhe 1, TOP 302 previously digested with Mlu 1 and 
Nsi I and TOP 414 previously ligated with Bpu 120 1 and Mlu 1. The 
resultant clone as well as a diagram of the positions of the different Anti- 



sense 



operons is shown in Figure 47. 



Pv.mr.le 30 Testing the anti HIV U1 constructs m cells: 

Inhibition of virus growth: 



a) Creation of stable transformed cell lines: 

U937 cells (Laurence, et al., 1991, J. Virol. 214-219) were 

transforr^ed with the various U1 constructs described above using 
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Lipofectin (BRL Inc.) and following the manufacturer's suggested 
protocol. After transformation, the cultured cells were divided into 2 
portions. One portion was used to obtain individual clones while the 
other portion was used to obtain a population of pooled clones. To 
obtain the individual clones, aliquots of 1 x 10^ cells were seeded into 
separate chambers in 96 well tissue culture plates and stable 
transformants were selected by growth in DMEM (Gibco and BRL) 
medium supplemented with 10% fetal bovine serum (heat inactivated) 
(Gibco and BRL) in the presence of 600 microgram\ml G418 (Gibco 
and BRL). The G41 8-containing medium was replaced every 3 to 4 
days, and after 3 weeks of incubation, drug resistant cells were 
removed from individual wells by aspiration and expanded by growth 
in culture dishes. To obtain the population of pooled clones, 1x10 
cells were seeded into T-25 flasks (Coming) and grown in the 
presence of G41 8. 



b) Characterization of cell lines 

RNA was isolated from either resistant clones or resistant pooled 
clones using hot phenol extraction (Soeiro and Darnell, 1969, J. Mol 
Biol M: 551-562). This RNA was used in a dot blot analysis using the 
protocol accompanying the Genius System (Boehringer Mannheim). 
The probe used in this analysis was a riboprobe made from a clone of 
the three inserts (A, B. and C) in pBlueScript (Stratagene) cloned into 
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using 



the Xmal and BamHI site. This clone produced insert RNA of the 
sense orientation. The results of this analysis showed that all cell 
populations that had been transfornned by the Ul clone and that had 
demonstrated resistance to G41 8 that were tested expressed the 
antisense insert RNA. Comparable dot blot analyses were performed 

RNA from the parental line U937 as well as yeast RNA 
(Boehringer Mannheim.) These dots showed no evidence of the 
antisense insert RNA. The antisense RNA synthesized in viim using 
the clones pBlueScript 12, pBlueScript 34, pBlueScript 56 and 
pBlueScript 78, described above, showed positive hybridization using 
the sense probe described in this paragraph. From this we conclude 
that those transformed cell populations that were tested were indeed 
expressing antisense RNA from the HIV virus sequence. 



c) HIV challenge experiment number 1: 

O.S X 10= cells of the pooled clones transformed by the triple Ul construct 
were incubated with HIV virus at a multiplicity of 0.1 5 pfu of the virus per 
cell in the presence of 2^g/ml of polybrene for 2 hours at 37° C using the 
procedure of Laurence e, al. (1991 J. Virol. S5: 214-219). The cells were 
then washed, resuspendsd in 1 ml of culture medium (RPM, 1640 . ,0% 
fetal bovine serum. Flow Labs, and plated in duplicate (0.5 ml per well.) 
one-half of the culture medium was removed and replaced with fresh 
medium every 3-4 days. 8 days post infection, samples o. these cells were 
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tested for the extent of infection by HIV virus using a p24 ELISA antigen 
capture following the protocol of the manufacturer (DuPontl. The control 
cultures for this experiment were cells transformed by clones not containing 
antisense sequences to HIV (see above). The results cf this experiment are 



shown in Table 1 . 



TABLE 1 



Sample 



2.2.78 pool control 
1.9.16 pool 
2.10.16 pool 



[HlV-1], pg/ml 
Expt A Expt B 



959 ± 49 



780 



514 



error 



554 



% Inhibition of HIV p24 
Expt A Expt B 



18.7 



46.4 



42.2 



Both of the pooled clone samples showed inhibition of production of 
p24 when compared to the control clones. In the instance of the 
pooled clone 2.10.16, the degree of inhibition when compared to the 
control was close to 50%. This pooled clone population of cells was 
examined further as described below. 
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At 1 8 days after infection, the p24 concentration in the growth 
medium was determined as described above. The results of this 

determination are reported in Table 2. 

TABLE 2 



Sample 



U937 control 
2.2.78 pool control 
2.10.16 pool 



[HlV-1], pg/ml 



200 



220 ±2 
12 ±0.4 



% Inhibition of HIV p24 



0 



94.5 



This table shows that there is approximately 96% ir^hibitior, of p24 
antigen production in the pooled clone population of cells when 
compared with either the control pooled clone population or the parent 

cell line. 
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on day 24 after viral iroculaticr,, when the cells were assayed by 
trypan blue dye exclusion the control pooled clone population were 
17% viable, and contained numerous syncytia (multinucleated giant 
cells characteristic of HIV infection). The pooled clone population 
labeled as 2.1 0.1 6 were 40-60% viable and had no visible syncytia. 



After day 24, the cells of the control pooled clone culture and the 
pooled clone culture were subjected to ficol gradient separation 
(Pharmacia). This procedure separates the live cells from the dead 
cells every 3-4 days as a routine maintenance procedure. At 35 days, 
there were no cells left in the control pooled clone population of cells, 
While the pooled Cone population had viable ceils. When these viable 
cells from the pooled clone population were then assayed for the 

2.10.16 showed no evidence of the presence of p24 antigen in the 

„^ /o 0-^9 +/- 0 08 OD compared 
culture medium above the background {0.032 +/ U-^o 

with 0.039 OD). in this experiment, the HIV infected cells had a 
.measured amount of p24 antigen that was greater than 2 OD. Thus 
by this time in the selection protocol, the degree of inhibition of the 



virus 



was greater than 99% 
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d) HIV challenge experiment number 2: 

in this experiment, the pooled clone population identified as 2.10.16 
(from day 31 of the first challenge) as well as the control pooled clone 
population and the parent cell line U937 were infected again with the 
BAL strain of HIV at a multiplicity of 0.10 pfu per cell as described 
above. After infection, the cells were maintained as described above. 
At day 9 and day 12 after infection the p24 antigen was determined 
as described above. The results of this determination are reported in 



Table 3. 



TABLE 3 



Cell Type 



HlV-1 [p24], pg/ml 
day 9 day 12 



U937 



2.10.16.R1 



<1 



5.1 ±0.4 
14.3 ±1.3 



This table shows that at day 1 2 there is approximately 66% 
inhibition of p24 antigen production in the pooled clone population of 
cells when compared with the parent cell line. 



When these cells were maintained with separation of the live from the 
dead cells using the ficol gradient every 3-4 days as described above it 
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was 



found at day 21 that there was no evidence of p24 antigen in the 
2.10.16 ceil lines when compared with the parental cell line infected 
with HIV virus. (Here the comparison is of OD units of the 2.10.16 
pooled clone population of 0.009 the same number as the control 
parental line without infection with >2 OD units.) 



e) Further characte 



rization of the 2.10.16 cell line after three cycles of 



challenge with HIV virus: 

In this experiment, the pooled clone population identified as 
2.10.16R1 (from day 21 of the second challenge experiment) and the 
parent cell line U937 were infected again with the BAL strain of HIV 
as described above. After infection, the cells were maintained as 
described above. On days 14, 27, and 42 after infection, the p24 
antigen was determined as described above for the pooled clone 
population (now called 2.10.1 6R2) as well as for the parental cell line 
U937. The results of this determination are reported in Table 4. 



TABLE 4 



HlV-1 p24 



Sample 



U937 



2.10. 16R2 



Day 9 
OD pg/ml 



0.527 122 



0.12 



Day 14 
OD pg/ml 



0.165 25 
0.009 0 



Day 27 
OD pg/ml 



0.030 



dead 



0 



Day 43 
OD pg/ml 



0.026 
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TABLE 4 (continued) 



buffer 



0.013 



This table shows that by day 27 the parental cells have disappeared 
from the culture medium. This is consistent with the conclusion that 
the virus infection has led to the destruction of the cells. In the pooled 
clone cell population 2.10.1 6R2, the amount of p24 antigen detected 
in these supernatants is below the sensitivity of the assay procedure. 

the third challenge of the original pooled clone cell population 



Thus on 



there is no evidence of virus growth. 



The parental cell line U937 is known to contain the surface antigen 
CD4 + . This parent strain and the strain 2.10.16R2. pooled strain 
after 3 cycles of selection, were assayed in a flow cytometer for the 
presence of the CD4 + antigen by measuring the binding of mouse 
CD4+ antibody (Becton Dickenson) with fluorescinated goat anti 
mouse (Tago). As can be seen in Figure 48, CD4+ antigen is present 
on the surface of the parental strain and the 2.10.16R2 -HIV resistant 
cell strain. This is evidence that the cells have not been selected to be 
resistant to infection by HIV virus through the loss of the adsorption 



protein, specifically the CD4+ antigen. 



While 
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the evidence of virus growth based on the production of the gag 



antigen, p24, demonstrates that the pooled strain of cells containing 
the genetic antisense does not permit the growth of virus, further 
evidence that the virus is not present in this cell population was 
obtained using the DNA PGR assay for the identification of the coding 
region of the gag gene (the region coding for the p24 antigen) using 
the standard Cetus primers which detect virtually all HIV-1,-2 isolates 
(Applied BioSystems). As can be seen from the Figure 49 
representing UV illumination of the EtBr stained DNA, the + control 
(using DNA provided in the kit) gave a band of the expected size (lane 
1), while several dilution of the amplification products of 2.10.16R2 
DNA did not show such a band. 



These data demonstrate that cell lines can be developed using 
antisense constructs that maintain their CD4+ phenotype. These cell 
lines do not support the growth of the HIV virus as measured both by 
the production of the p24 antigen and measured with the quick DNA 
PGR kit of Getus. In addition these cell strains have been shown to 
survive multiple challenge from infectious HIV virus. 



Fxample 31 Testing the anti HIV U1 constructs in cells: 
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Inhibition of synthesis of beta-gaiactosidase activity: 



a) Eukaryotic vector carrying target sequence A upstream of the beta- 
galactosidase gene. 

The A segment (from the tar sequence of HIV) of target DNA was 
isolated as described above. This segment was cloned into the Kpnl 
BamHI site of the eukaryotic vector pSV Lac Z(lnvitrogen), that carries 
Lac Z coding sequences and SV40 enhancer and promoter and poly A 
signal sequences. The cloning sites is between these sequences. The 
cloning sequence is diagrammed in the attached figure (figure 50). 

b) Expression of beta-galactosidase activity in stably transfected U937 
cells: 

U937 cells were transformed using the Lipofectin procedure described 
above. In this experiment positive clones were selected as zeocin 
resistant. 5 separate transfected cell populations were isolated. 
These cells were 1 . U937 cells untransfected; 2. U937 cells 
transformed with the HIV A clone alone; 3. U937 cells transfected 
with the HIV A clone and then a second time with the U1 antisense A 
clone (see above for the description of the clone- the second 
transfection was selected as G418 resistant); 4. U937 cells 
cotransfected with the HIV A clone and the U1 antisense ABC clone 
(again see above for a description of the clone); and 5. U937 cells 
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clone (again 



Log phase cells of U937 (both stably transfected and untransfected) 
were washed free of medium with 1 x PBS containing 10 mM Mg^^ 
and 1 mM Ca"^ . The washed cells were fixed lightly (5 minutes) at 
temperature in PBS containing 2% formaldehyde and 0.05% 



room 



glutaraldehyde. The fixative was removed and the cells were washed 
free of fixative with two washes with PBS. The washed fixed cells 



were 



then suspended in staining solution (PBS containing 5 mM 



potassium ferrocyanide and 2 mM MgClj) containing 1 mg/ml X-gal 
(BRL) and incubated at 37° C for 2 hours to overnight. The cells were 
examined under a microscope at 40x. 



The results of this experiment are illustrated in Figure 51 (lower set of 
data). The positive production of the enzyme beta-galactosidase is 
assayed by the production of a blue precipitate in the cytoplasm of the 



transfected cells. No blue is detected in cell lines 1 , 3 and 4 while 
blue spots are detected in the cytoplasm of the cell line 2 and 5. 
These data demonstrate that the production of the enzyme beta- 
galactosidase that is shown as a blue stain in cell line 2 with the HIV 
A clone alone or in cell line 5 where both the HIV A clone and the null 
DNA control is not seen when either the antisense U1 A clone is 
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cotransfected with the HIV A clone (cell line 3) or the antisense U1 
ABC clone is cotransfected with the HIV A clone (cell line 4). Thus 
the presence of the antisense A sequence in the cell lines with this 
HIV A clone expressing the enzynne beta-galactosidase blocks the 
production of this enzyme. 



c. Expression of beta-galactosidase activity in extracts: 
To measure enzyme activity by soluble assay (Figure 51 , upper set of 
data) extracts were prepared from loge-phase cultures either by 
sonication or repeated freeze-thawing. The log-phase cells (5 x 10^ 
cells per ml) were washed free of medium with PBS containing 10 mM 
Mg^^ and 1 mM Ca^*. The washed cells were suspended in 250 
mM Tris-CI, pH 7.5 and freeze-thawed 3 times or alternatively 
sonicated 5 minutes at maximum output. The crude lysate was 
centrifuged and enzyme activity was measured in clear supernatants 
by hydrolysis of the lactose analog ONPG (Sigma). When this 
substrate is cleaved by the enzyme to make ONP a yellow colored 



com 



pound produced. Thus the beta-galactosidase activity can be 



monitored by observing the change in absorbance at 420nm. Extracts 
prepared from cells that are stably transfected with the HIV A clone 
produce a yellow color in 30 minutes at 37° C, whereas the extracts 
prepared from untransfected cells remain colorless even after 
incubation over night. 
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The 5 transfected cell lines were assayed using this soluble assay 

format and the results are reported in table 5. From this table it can 

be seen that the U1 anti-A transfected cells do not have measurable 

amounts of beta-galactosidase activity. (Compare line 3 with lines 2 

and 5.) Also it can be seen that the U1 anti-ABC clones do not show 

measurable amounts of beta-galactosidase activity. (Compare line 4 

with lines 2 and 5.) These results confirm the results from the in situ 

assay of the aefifil of t\ie U1 anti A and anti ABC clones on the 

h 

production of beta-galactosidase activity of clones that have the A 
target cloned into their sequences. 



Example 32 

Asymptomatic HIV positive patients are given pre-treatment evaluations 
including medical histories; physical examinations, blood chemistries 



including CBCs, differential counts, platelet counts; blood chemistries 
including glucose, calcium, protein, albumin, uric acid, phosphate; Blood Urea 
Nitrogen and creatinine; Urinalysis; electrocardiogram and chest X-ray; p24 
antigen level; CD4 counts; PCR to determine viral load. The p24 antigen, 
CD4 counts and PCR are done at weekly intervals for 4 weeks prior to 
removal of cells in order to establish baseline data, and these assays are 
continued biweekly throughout the period of treatment. 
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Blood is removed from patients and the peripheral blood mononuclear cells 
are separated from erythrocytes and neutrophils by Ficoll-Hypaque 
centrifucation. After washing, the PBMCs are depleted of CD8-h cells by the 
use of murine anti-human CD8-coated fiasks(C EttgctorT ig< Flasks, Applied 
Immune Sciences). Cells which do not adhere to the surface of the flasks 
are cells assayed for cellular phenotype by flow cytometry and then activated 
with 0KT3 antibody in serum-free medium. 

The 0KT3-activated cells are resuspended at a concentration of 1-2 x 10 
cells/ml in fresh medium containing 60 units/ml of lL-2. The cells are 
expanded to about 2x10 /ml. 

A retrovirus vector containing sequences for the expression of antisense RNA 
directed at HIV is grown in a packaging cell line. A DNA construct 
(described in Example F1 is introduced into retrovirus vector LNL6, which 
contains a neomycin resistance marker. The cells are transduced by 
resuspension in culture medium to a concentration of approximately 10 
cells/ml and mixing with culture supernatant from the retrovirus vector 
infected cells to provide an MOI of approximately 1.0. Five mg/mi protamine 
sulfate are added and the mixture is incubated at 37°C for 6 hours. The cells 
are washed three times and placed in G418 containing culture medium. 
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This transduction procedure is repeated daily for three consecutive days. 

After 7 days in G41 8 selection medium the G41 8 is removed and the cells 
are expanded in the presence of growth factors (as described above). When 
sufficient cells are produced, they are harvested, washed and resuspended in 
physiological saline for infusion into the patient. Cellular phenotype is 
measured by flow cytometry measurements. 

This antisense treatment is supplemented by treatment with soluble CD4 
protein. Administration commences immediately after the administration of 
HIV therapy according to the method of (Husson et al., 1992). 

This supplemented gene therapy is further supplemented by concurrent 
administration of AZT. 

Many obvious variations might be suggested to those of ordinary skill in the 
art in light of the above detailed description of the invention. All such 
variations are fully embraced by the scope and spirit of the present invention 
as set forth in the claims which now follow. 



